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 χϊYЕ VϺϮЋχW
E
EF
D
7C<na3 Й- /3NcCjw R8 cjj3c
V/QbW R8  83aaRL<N3jY
Ў  LRa3 0CcjCN,j 03aCqjCRN
Cc <Cq3N CN j@3 ~acj ,@Uj3aY
j@3 `H Rq3a j@3 $aaC3a CNjR j@3 7H Ra qC,3 q3ac. 03U3N0CN< RN j@3
URIaCjw R8 j@3 ,naa3NjY 2I3,jaRNc UccCN< j@3 `HsCII $3 URIaCy30
IRN< j@3 L<N3jCyjCRN 0Ca3,jCRN R8 j@3 3I3,jaR03 V,8Y 7C<na3 ϺWY
i@3a38Ra3.  cUCNAURIaCy30 ,naa3Nj Cc ,@C3q30Y i@3 cUCN Cc ,RNA
c3aq30 0naCN< j@3 jnNN3ICN< UaR,3cc $3,nc3 j@3 cUCN 0C{ncCRN
I3N<j@ Cc <a3j3a j@N j@3 $aaC3a j@C,GN3ccY B8 j@3 7H 3u@C$Cjc j@3
cL3 L<N3jCyjCRN 0Ca3,jCRN c j@3 `H j@3 3I3,jaRNc sCII jnNN3I
CNjR j@3 7HY ?Rs3q3a. C8 j@3 L<N3jCyjCRN 0Ca3,jCRN R8 j@3 7H Cc
RUURc30 jR j@3 `H 0Ca3,jCRN j@3 jnNN3ICN< 3I3,jaRNc a3 nN$I3 jR
Ucc j@aRn<@ j@3 7HY i@nc j@3 KiD a3q3Ic IRs a3cCcjN,3 CN j@3
UaII3I cjj3 N0 @C<@ a3cCcjN,3 CN j@3 NjCUaII3I cjj3Y DnIICěa3χ
0Cc,Rq3a30 j@Cc U@3NRL3NRN NL30 jnNN3I L<N3jRa3cCcjN,3
ViK`W 3{3,j CN ϺϮЋχY i@3 0C{3a3N,3 CN a3cCcjN,3 Cc $c30 RN j@3
cUCNAURIaCy30 3I3,jaRNC, cjan,jna3 R8 83aaRL<N3jcY iaNcCjCRN
L3jIc ICG3 +R. 73. N0 MC 3u@C$Cj 0C{3a3N,3c CN j@3 NnL$3a R8
LERaCjw N0 LCNRaCjw 3I3,jaRNc V,8Y 7C<na3 ЙWY i@Cc I30c jR 
cUCNAURIaCy30 3I3,jaRNC, cjan,jna3Y N CLURajNj 8,jRa 8Ra j@3
iK` 3{3,j Cc j@3 03NcCjw R8 cjj3c V/QbW j j@3 73aLC 3N3a<w ۸۹Y
BN ,c3 R8  0C{3a3Nj /Qb j ۸۹ j@3 3I3,jaC,I ,RN0n,jN,3 8Ra j@3
LERaCjw N0 LCNRaCjw 3I3,jaRNc Cc 0Cq3a<3NjY i@Cc 0C{3a3N,3 CN
j@3 /Qb Cc j@3 a3cRN 8Ra j@3 cUCNAURIaCy30 ,naa3NjY bUCN URIaA
CyjCRN ܜ Cc 03~N30 $w ܜ  
۷ɤ ˥ ۷ɦ
۷ɤ  ۷ɦ. s@3a3 ۷ɤɦ Cc j@3
03NcCjw R8 LERaCjw VcUCN nUWgLCNRaCjw VcUCN 0RsNW 3I3,jaRNc j۸۹Y MRs ,RNcC03aCN< NKiDsCj@ jsR UaII3IAIC<N30 3I3,jaR03cY
BN j@Cc UajC,nIa ,c3. LRa3 3I3,jaRNc sCj@ cUCN nU jnNN3I 8aRL
RN3 3I3,jaR03 CNjR j@3 Rj@3aY i@3a38Ra3. j@3 cUCN ,@NN3I 8Ra cUCN
nU 3I3,jaRNc ,aaC3c  Ia<3 ,naa3Nj. s@3a3c j@3 cUCN ,@NN3I
8Ra cUCN 0RsN 3I3,jaRNc ,aaC3c RNIw  cLII LRnNjY B8 s3 NRs
csCj,@ RN3 R8 j@3 3I3,jaR03c CNjR j@3 NjCUaII3I cjj3. j@3 /Qb
j j@3 73aLC 3N3a<w ,@N<3cY MRs $Rj@ cUCN ,@NN3Ic ,aaw RNIw
 cLII LRnNj R8 ,naa3Nj N0 j@nc j@3 a3cCcjN,3 R8 j@3 KiD CN
j@3 NjCUaII3I cjj3 Cc @C<@3aY DnIICěa3 @CLc3I8 a3Ij30 j@3 iK`
3{3,j jR j@3 cUCN URIaCyjCRNc R8 j@3 3I3,jaR03c. ܜ଒ N0 ܜଓY ?3
03~N30 j@3 iK` 3{3,j LUICjn03 $w 6/4  ܜ଒ܜଓ
  ܜ଒ܜଓWY
 LRa3 ,RLLRNIw GNRsN 03~NCjCRN Cc 6/4  
܅ɤɦ ˥ ܅ɤɤ܅ɤɤ.
sCj@ ܅ɤɦg܅ɤɤ $3CN< j@3 KiD a3cCcjN,3 8Ra NjCUaII3IAgUaII3IA
IC<N30 3I3,jaR03cYЎ c ,N $3 c33N 8aRL j@3 3\njCRN 8Ra j@3
iK` 3{3,j.  @C<@ cUCN URIaCyjCRN Cc a3\nCa30 jR ,@C3q3 @C<@
iK` ajCRcY Kj3aCIc sCj@  cUCN URIaCyjCRN a3 ,II30
@I8AL3jIIC,Y i@3 @I8AL3jIIC, ,@a,j3aCcjC, @c $33N Ua30C,j30
8Ra RuC03 ,RLURnN0cЋ ICG3 73ДQω N0 +aQИ. U3aRqcGCj3cο ICG3
HbaKNQД. yCN,A$I3N03AjwU3Ϯ +ac. N0 c3q3aI ?3ncI3a ,RLA
URnN0cϺзY
ϺϮ
Ћ tY rY HC 3j IY BN- UA
UIC30 T@wcC,c H3jj3ac ЋЕYЙЙ
VϺϮϮοWd DY KY /Y +R3w N0
KY p3NGj3cNY BN- DRnaNI R8
UUIC30 T@wcC,c ϮϺYϺз VЙззЙW
ο rY 2Y TC,G3jj N0 DY bY
KRR03aY BN- T@wcC,c iR0w
χϊYχ VЙззϺW
Ϯ ?Y GCN< 3j IY BN-
DUN3c3 DRnaNI R8 UUIC30
T@wcC,c ЕϮYϺϺ# VЙзззW
Ϻз `Y Y 03 ;aRRj 3j IY BN-
T@wcC,I `3qC3s H3jj3ac χзYЙχ
VϺϮοЕW
ϺϺ DY bY KRR03a 3j IY BN-
T@wcC,I `3qC3s H3jj3ac ЋϊYϺЎ
VϺϮϮχW
ϺЙ bY bY TY TaGCN 3j IY BN-
Mjna3 Kj3aCIc ЕYϺЙ VЙззϊW
ϺЕ bY BG30 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϮЕYο VЙззοW
Ϻϊ bY BG30 3j IY BN- Mjna3
Kj3aCIc ϮYϮ VЙзϺзW
Write line current
current
7C<na3 Е- b,@3LjC, cG3j,@
R8 N K`K 03qC,3 sCj@
jsR c3Uaj3 saCjCN< ICN3c 8Ra
L<N3jCyjCRN csCj,@CN<Y
Ϻχ r@3a3 ǖ۵ 03NRj3c j@3
L<N3jC, ~3I0. ভଛ j@3 q,A
nnL U3aL3$CICjw N0ǖܖ j@3
,naa3Nj 03NcCjwY
ϺЎ DY +Y bIRN,y3scGCY BN-
DRnaNI R8 K<N3jCcL N0
K<N3jC, Kj3aCIc ϺχϮ VϺϮϮЎW
ϺЋ HY #3a<3aY BN- T@wcC,I
`3qC3s # χϊYϺЕ VϺϮϮЎW
Ϻο vY ?nC 3j IY BN- UUIC30
T@wcC,c H3jj3ac οϊYϺЎ VЙззϊW
#w a3UI,CN< j@3 Ua3qCRncIw nc30 LRaU@Rnc I˥Q $aaC3aϺϺ
$w  ,awcjIICN3 K<Q CNcnIjRaϺЙ j@3 iK` ajCRc CN,a3c30 0acjCA
,IIwY i@3 ,R@3a3Nj jnNN3ICN< CN0n,30 $w j@3 K<Q $aaC3a Cc j@3
LCN a3cRN 8Ra j@3 @C<@ iK` ajCRcY j aRRL j3LU3ajna3 V`iW
 iK` 3{3,j R8 sc a3URaj30 $w BG30 3j IYϺЕ CN CNAUIN3
L<N3jCy30 +RA73A# jnNN3I EnN,jCRNcY ?Rs3q3a. RnjAR8AUIN3
L<N3jCy30 +RA73A# jnNN3I EnN,jCRNc ,@C3q30  iK` ajCR R8 j `iYϺϊ
MRN3j@3I3cc. jR saCj3 CN8RaLjCRN CN j@3 K`K ,3II. CY3Y. CN
j@3 KiD. j@3 IC<NL3Nj R8 j@3 83aaRVCWL<N3jC, Iw3a @c jR $3
,@N<30Y i@3 cCLUI3cj cRInjCRN Cc N 3uj3aNI L<N3jC, ~3I0Y
i@3a38Ra3. jsR 00CjCRNI ,RN0n,jCN< Uj@c ,II30 saCjCN< ICN3c
@q3 jR $3 0030 V,8Y 7C<na3 ЕWY #w cnUUIwCN<  ,naa3Nj CN j@3
saCjCN< ICN3c  aRjjCRNI L<N3jC, ~3I0 aRnN0 j@3L Cc CN0n,30
VLU3a3ȕc Is ˚  ǖ۵  ভ଑ǖܖWϺχY i@3 ~3I0 ,N LNCUnIj3 j@3
IC<NL3Nj R8 j@3 3I3,jaR03cY /n3 jR j@3 ,RNcjNj LCNCjnaCyjCRN
UaR,3cc CN cUCNjaRNC, 03qC,3c. j@3 L<N3jC, ~3I0 CN0n,30 $w j@3
saCjCN< ICN3 $3,RL3c CNcn|,C3Nj cCN,3 j@3 cjRa<3 ,3II 0CL3j3a
03,a3c3c $3IRs LC,aRL3j3a cCy3Y iR Rq3a,RL3 j@Cc R$cj,I3 s3
@q3 jR ,RNcC03a M3sjRNȕc j@Ca0 Is R8 LRjCRN-
ȓr@3N RN3 $R0w 3u3ajc  8Ra,3 RN  c3,RN0 $R0w. j@3 c3,RN0 $R0w
cCLnIjN3RncIw 3u3ajc  8Ra,3 3\nI CN L<NCjn03 N0 RUURcCj3 CN
0Ca3,jCRN RN j@3 ~acj $R0wYȓ
0Uj30 jR Rna cCjnjCRN Cj L3Nc s@3N j@3 IC<NL3Nj R8 j@3
83aaRVCWL<N3jC, Iw3a @c N CLU,j RN j@3 ,naa3Nj. j@3 ,naa3Nj
@c N CLU,j RN j@3 IC<NL3Nj R8 j@3 3I3,jaR03cY i@3 3{3,j R8
,naa3NjACN0n,30 L<N3jCyjCRN csCj,@CN< V+BKbW Cc ,II30 cUCNA
jaNc83a jRa\n3 VbiiW 3{3,j N0 sc CN03U3N03NjIw Ua30C,j30
$w bIRN,y3scGCϺЎ N0 #3a<3aϺЋ CN ϺϮϮЎY BN Йззϊ  LCI3cjRN3 sc
a3,@30 8j3a ?nC 3j IYϺο a3URaj30 j@3 ~acj bii csCj,@CN< CN
IИQД $c30 CNAUIN3 KiDȕcY i@3 ,aCjC,I ,naa3Nj 03NcCjwǖܖܐ sc
03j3aLCN30 jR /#EO˥ଓY 7naj@3aLRa3. K3N< 3j IYϺϮ a3URaj30
bii csCj,@CN< CN +RA73A# $c30 U3aU3N0C,nIa L<N3jC, jnNN3I
EnN,jCRNc VUKiDȕcWY i@3w R$jCN30  ,aCjC,I ,naa3Nj 03NcCjw R8/#EO˥ଓY #38Ra3s3 0Cc,ncc j@3 URccC$CICjC3c R8 IRs3aCN<ǖܖܐ. s3
sCII jG3  ,IRc3a IRRG j j@3 bii 3{3,j Cjc3I8Y 7Ra j@Cc a3cRN. s3
a3 <RCN< jR cjaj sCj@  jwUC,I KiD cjan,jna3. j@3 $RjjRL Iw3a
Cc j@3 `H ~u30 0naCN< j@3 3NjCa3 UaR,3ccY i@3 jRU Iw3a Cc j@3 7H.
s@C,@ sCII ,@N<3 Cjc 0Ca3,jCRN s@3N  qRIj<3 Cc UUIC30 V,8Y 7C<A
na3 ϊWY i@3 LRa3 CIIncjajCq3 UaR,3cc Cc 8aRL j@3 NjCUaII3I cjj3
CNjR j@3 UaII3I cjj3Y #w UUIwCN<  qRIj<3 aN0RLIwAURIaCy30
3I3,jaRNc UccCN< j@3 `H sCII $3 URIaCy30 CN j@3 0Ca3,jCRN R8 j@3
Йз
ϺϮ ?Y K3N< 3j IY BN- DRnaNI
R8 T@wcC,c /- UUIC30 T@wcC,c
ϊϊYϊз VЙзϺϺW
(b)
(a)
RL
FL
RL
FL
torque
torque
7C<na3 ϊ- b,@3LjC, cG3j,@ R8
j@3 bii 3{3,jY VW iR ,@C3q3
j@3 UaII3I cjj3 3I3,jaRNc
jnNN3I 8aRL j@3 `H CNjR j@3
7HY V$W 2I3,jaRNc jnNN3ICN<
8aRL j@3 7H CNjR j@3 `H 8qRa
j@3 NjCUaII3I cjj3Y
Йз  LRa3 0CcjCN,j 03aCqA
jCRN sCII $3 <Cq3N CN j@3 Icj
,@Uj3aY
ЙϺ @jjU-ggsssY3q3aA
cUCNY,RL
ЙЙ @jjU-ggsssYjRc@C$Y,RYEU
`H L<N3jCyjCRNY MRs j@3 3I3,jaRNc a3,@ j@3 7H. 0n3 jR j@3
cR8jAL<N3jC, UaRU3ajC3c j@3 cUCN ,aaC30 $w j@3 3I3,jaRNc 3u3ajc
 jRa\n3 RN j@3 L<N3jCyjCRN N0 csCj,@3c Cjc 0Ca3,jCRN CNjR j@3
UaII3I cjj3Y i@3 ,@N<3 R8 j@3 L<N3jCyjCRN 0Ca3,jCRN 8aRL
j@3 UaII3I CNjR j@3 NjCUaII3I cjj3 Cc LRa3 ,RLUI3uY 7Ra j@Cc
UnaURc3. j@3 URIaCjw R8 j@3 qRIj<3 @c jR $3 ,@N<30 cR j@j
3I3,jaRNc Ucc j@aRn<@ j@3 7H ~acjY i@3 j3LU3ajna3 R8 j@3 KiD
CN,a3c3c 0n3 jR j@3 UUIC30 qRIj<3. s@3a3c j@3 j3LU3ajna3
CN,a3L3Nj 03U3N0c RN j@3 UnIc3 0najCRNY i@3aLI n,jnjCRNc
,nc3  jCIj $w  cLII N<I3 R8 j@3 L<N3jCyjCRN 0Ca3,jCRNY i@nc
j@3 0Ca3,jCRN R8 j@3 7H Cc NRj U3a83,jIw UaII3I jR j@3 `HY i@3
UccCN< 3I3,jaRNc sCII $3 URIaCy30 N0 jnNN3I j@aRn<@ j@3 $aA
aC3aY r@3N j@3 3I3,jaRNc a3,@ j@3 `H j@3w sCII $3 a33,j30 N0
j@3 cUCN URIaCyjCRN ,@N<3c CN j@3 RUURcCj3 0Ca3,jCRNY i@3c3
3I3,jaRNc 3u3aj  jRa\n3 RN j@3 7H N0 ,@N<3 Cjc 0Ca3,jCRN CNjR
j@3 NjCUaII3I cjj3YЙз
i@3 ~acj biiAK`K 03qC,3c s3a3 Ia30w UaR0n,30 $w 2qA
3acUCNЙϺ N0 iRc@C$ЙЙY i@3 Ijj3a a3URaj30  j3cj ,@CU j@j ,RNA
cnL3c  I3cc URs3a j@N N b`K ,@CUY iR 8naj@3a 3uj3N0 Cjc
UUIC,$CICjwǖܖܐ N330c jR $3 IRs3a30Y i@3 ,aCjC,I ,naa3Nj 03NcCjw
Cc 03~N30 c ǖܖܐ  ঢܒǼধ ǖ܀ܟܑ
ǖۻ˸۾ o ǖۻଶ୉୅ o ǖۻ۷ VϺW
s@3a3 ܒ 03NRj3c 3I3,jaRN ,@a<3. ঢ j@3 0LUCN< ,RNcjNj. ǖ܀ܟ
cjnajCRN L<N3jCyjCRN. ܑ j@3 j@C,GN3cc R8 j@3 83aaRVCWL<N3jC,
3I3,jaR03. Ǽ j@3 a30n,30 TIN,G ,RNcjNj. ǖۻଶ୉୅ Cc j@3 3uj3aNI ~3I0.ǖۻ۾ Cc j@3 3{3,jCq3 NCcRjaRUw ~3I0 CN,In0CN< L<N3jR,awcjIICN3
NCcRjaRUw N0 c@U3 NCcRjaRUw. ǖۻ۷ Cc j@3 03L<N3jCyjCRN ~3I0.
N0 ধ Cc j@3 cUCNAjaNc83a 3|,C3N,w
ধ  ܜ
  ܜଓ EQU
ঽ  VЙW
s@3a3 ܜ03NRj3c j@3 cUCN URIaCyjCRN N0ঽ j@3 N<I3 $3js33N j@3
jsR 83aaRL<N3jC, Iw3acY i@3 03L<N3jCyjCRN ~3I0 ǖۻ۷ 03U3N0c
RN j@3 L<N3jCyjCRN RaC3NjjCRNY 7Ra CNAUIN3 L<N3jCy30 LA
j3aCIc ǖۻ۷  ভ଑ ǖ܀ܟ @RI0cY QnjAR8AUIN3 L<N3jCy30 Lj3aCIc
ncnIIw a3q3I  @C<@3a NCcRjaRUw 3N3a<w j@N CNAUIN3 L<N3A
jCy30 Lj3aCIc. j@nc ǖۻ۷ ,N $3 a30n,30 jR ˥ ǖ܀ܟY i@3 NCcRjaRUw
3N3a<w Cc <Cq3N $w j@3 8RIIRsCN< 2\njCRN
۾  ǖ܀ܟǖۻ۾  VЕW
ЙϺ
Mn
Ga
7C<na3 χ- b,@3LjC, cG3j,@ R8
j@3 ۿ଒ଛ U@c3 8Ra j@3 KNA;
,RLURnN0Y
Mn
Ge
7C<na3 Ў- b,@3LjC, cG3j,@
R8 j@3 ۷଑ଝଝ U@c3 8Ra j@3
KNДȊu;3 ,RLURnN0Y
BN Ra03a jR IRs3aǖܖܐ. j@3 8RIIRsCN< a3\nCa3L3Njc c@RnI0 $3 8nIA
~II30-
ϺY IRs L<N3jC, 0LUCN< ঢ
ЙY @C<@ cUCN URIaCyjCRN ܜ
ЕY IRs L<N3jCyjCRN ǖ܀ܟ
ϊY cLII 3I3L3Nj cCy3 ܑ
χY IRs NCcRjaRUw ~3I0 ǖۻ۾
i@3 Icj Cj3L ,NNRj $3 a3ICy30. 0n3 jR j@3 ,aCj3aCRN 8Ra  Aw3a
NRNAqRIjCICjw ۾܉  ܗ۵܇ VϊW
sCj@ ܉ j@3 qRInL3 R8 j@3 cjRa<3 V8a33W Iw3a. ܗ۵ j@3 #RIjyLNN
,RNcjNj. N0 ܇ j@3 j3LU3ajna3Y #3,nc3 R8 j@3 CNj3N030 03A
,a3c3 R8 ܉. ۾ @c jR $3 CN,a3c30. CN Ra03a jR a3jCN j@3 0j
cjRa30 CN j@3 L3LRaw 8Ra LRa3 j@N j3N w3acY
 υϔЁЅА ΞААζϨϿА sRnI0 $3 jR c3a,@ 8Ra N3s Lj3aCIc j@j 8nIA
~II j@3c3 $cC, a3\nCa3L3NjcY K<N3jC, Lj3aCIc sCj@ N 3cw
L<N3jCyjCRN uCc UaII3I jR j@3 cna8,3 a3 nNcnCj$I3 8Ra j@3
CNj3N030 LCNCjnaCyjCRN UaR,3cc CN cUCNjaRNC, 03qC,3cY /n3 jR
j@3 IRs3a NCcRjaRUw 3N3a<w. ,RLUa30 jR RnjAR8AUIN3 L<N3A
jCy30 Lj3aCIc. j@3 cnU3aUaL<N3jC, ICLCjc a3 a3,@30Y 00CA
jCRNIIw.  IRs3a cjRa<3 03NcCjw ,RnI0 $3 R$jCN30 8Ra CNAUIN3
L<N3jCy30 83aaRVCWL<N3jcY
 N3s Lj3aCI ,Icc j@j c@Rsc UaRLCcCN< ,@a,j3aCcjC,c
a3 KNA$c30 j3ja<RNIIw 0CcjRaj30 ?3ncI3a ,RLURnN0c sCj@
N 3cw L<N3jCyjCRN uCc URCNjCN< U3aU3N0C,nIa jR j@3 ~IL
UIN3Y i@3 LRcj UaRLCcCN< Lj3aCIc a3 KNДAu;. KNДAu+Ru;.
N0 KNДȊu;3Y isR CNj3a3cjCN< ,awcjIIR<aU@C, U@c3c a3 j@3ۿ଑ N0۷ଓଓ cjan,jna3c 8Ra j@3 KNДAu; ,RLURnN0 N0 j@3۷ଓଓ
U@c3c 8Ra KNДAu+Ru; N0KNДȊu;3 V,8Y 7C<na3c χ N0 ЎWY i@3c3
,RLURnN0c IcR a3q3I  @C<@ +naC3 j3LU3ajna3 ܇۶. s@C,@ Cc
a3\nCa30 8Ra cUCNjaRNC, 03qC,3cY MRN3j@3I3cc. j@3 CNq3cjC<jCRN R8
N3s Lj3aCIc ,RNjCNc j@3 8RIIRsCN< \n3cjCRNc N0 aCcGc-
Ë Ua3UajCRN L3j@R0 ,,3Uj$I3 8Ra CN0ncjaCI UUIC,jCRN
Ë ,awcjIICyjCRN CN j@3 CNj3N030 U@c3 URccC$I3 CN j@CN ~ILc
Ë ,R@3a3Nj CNj3a8,3c $3js33N j@3 83aaRL<N3j N0 j@3 $aaC3a
Lj3aCI
ЙЙ
ЙЕ DY b,@LI@Racj 3j IY BN-
T@wcC,I `3qC3s # ЋχYϺ VЙззЋW
Йϊ bY BG30 3j IY BN- Mjna3
Kj3aCIc ϮYϮ VЙзϺзW
Йχ bY BG30 3j IY BN- MA
jna3 Kj3aCIc ϮYϮ VЙзϺзWd ?Y
K3N< 3j IY BN- DRnaNI R8
T@wcC,c /- UUIC30 T@wcC,c
ϊϊYϊз VЙзϺϺW
ЙЎ ?Y Q@NR 3j IY BN- Mjna3
ϊзοYЎοϺχ VЙзззW
ЙЋ rY ;Y rN< 3j IY BN-
Mjna3 Kj3aCIc ϺϺYϺ VЙзϺϺW
Йο bY FNC 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзϊYЙϺ VЙзϺϊW
Ë IRs aRn<@N3cc R8 j@3 $RjjRL Iw3a
Ë cnUUa3cc30 8RaLjCRN R8 RuC03 j j@3 $aaC3a CNj3a8,3
i@3 cUnjj3a 03URcCjCRN R8 KNДAu; a3\nCa3c  KNA; ,RLURcCj3
ja<3j. 0n3 jR j@3 IRs L3IjCN< URCNj R8 ; V ˫%WY  \n3cjCRN
sRnI0 $3 C8 j@3 cjRC,@CRL3jaw R8 j@3 ja<3j Cc ,RNcjNj Rq3a jCL3
Ra C8 j@3 ; qRIjCICy3cY NRj@3a URCNj Cc j@3 RuC0jCRN R8 KN j
j@3 $aaC3a CNj3a8,3Y BNAUIN3AL<N3jCy30 KNA$c30 ?3ncI3a
,RLURnN0c ICG3 +RИKNbC a3 GNRsN 8Ra j@3 8RaLjCRN R8 KN˥Q
s@3N CN ,RNj,j sCj@ N K<Q $aaC3aYЙЕ
iϱ ϱЦζЁΫϱϨζ Аϑζ ЁζϨΞϔϩϔϩό ЀЛζЅАϔϱϩЅ ΞΪϱЦζ. 8naj@3a CNq3cjC<A
jCRNc R8 GNRsN Lj3aCIc. ICG3 +Rωе73ωе#Ие. a3 UaRLCcCN<Y ?3a3.
j@3 Ua3UajCRN ,RN0CjCRNc a3 cCLUI3 N0 j@3 Lj3aCI UaRU3ajC3c
a3 s3II nN03acjRR0Y +Rωе73ωе#Ие Cc  83aaRL<N3jC, V7KW Lj3A
aCI j@j 3u@C$Cjc N RnjAR8AUIN3 L<N3jCyjCRN 0Ca3,jCRN 8Ra ~IL
j@C,GN3cc3c $3IRs  POYЙϊ  ,an,CI cU3,j jR ,@C3q3  U3aU3NA
0C,nIa L<N3jR,awcjIICN3 NCcRjaRUw VTKW Cc j@3 03URcCjCRN
R8 N K<Q Iw3a N3uj jR j@3 +RA73A# ~ILY i@nc @w$aC0CyjCRN
R8 j@3 ܜ Ra$CjIc R8 j@3 Q N0 j@3 ܑ Ra$CjIc R8 j@3 +RA73 Cc R$A
jCN30 s@C,@ a3cnIjc CN N RnjAR8AUIN3 L<N3jCyjCRN 0Ca3,jCRNY
/naCN< j@3 URcjANN3ICN< UaR,3cc j@3 # 0C{nc3c sw 8aRL j@3
$aaC3aY i@nc  ,I3N +RA73 CNj3a8,3 sCj@ @C<@ cUCN URIaCyA
jCRN aCc3cY 7naj@3aLRa3. +RA73A# $c30 KiDȕc sCj@ +BKb s3a3
Ia30w a3URaj30 $w c3q3aI <aRnUcYЙχ BNcj30 R8 c3a,@CN< 8Ra
N3s Lj3aCIc sCj@ UUaRUaCj3 UaRU3ajC3c  j3LURaaw qaCA
jCRN. 8Ra 3uLUI3 R8 j@3 NCcRjaRUw 3N3a<w ۾. ,RnI0 I30 jR  IRsǖܖܐY i@Cc ,N $3 ,,RLUICc@30 $w N 3uj3aNI 3I3,jaC, ~3I0 ǖ۸YЙЎ B8
j@3 83aaRL<N3jC, 3I3,jaR03 Cc j@CN 3NRn<@ N 3uj3aNI ~3I0 ǖ۸܏.
CN0n,30 $w  @C<@ qRIj<3 Rq3a j@3 $aaC3a. I30c jR  03UI3jCRN Ra
,,nLnIjCRN R8 ,@a<3 ,aaC3ac j j@3 $aaC3a CNj3a8,3YЙЋ i@3 IRcc
R8 ,@a<3 ,aaC3ac a3cnIjc CN  @C<@3a ,R3a,Cq3 ~3I0 ǖۻܐ. s@3a3c
j@3 <CN R8 3I3,jaRNc a3cnIjc CN  IRs3a ǖۻܐY i@Cc 3{3,j ,N $3 nc30
8Ra bii csCj,@CN<. s@CI3 IRs3aCN< ۾ sCj@  @C<@ qRIj<3 UnIc3.
 c3,RN0aw ,naa3Nj ,N csCj,@ j@3 L<N3jCyjCRN 0Ca3,jCRNYЙο
i@nc cnaUaCcCN<Iw IRs ,aCjC,I ,naa3Nj 03NcCjC3c ,N $3 ,@C3q30Y
i@Cc ǖ۸A~3I0 3{3,j Cc UaRLCcCN< 8Ra biiAK`K 03qC,3c sCj@ IRs
URs3a ,RNcnLUjCRNY
Bϩ АϑϔЅ ЧϱЁϡ s3 CNq3cjC<j30 0C{3a3Nj KNA$c30. j3ja<RNIIw
0CcjRaj30 ?3ncI3a ,RLURnN0cY r3 NIwy30 j@3 L<N3jC,. ,awcA
jIIR<aU@C,. N0 cna8,3 UaRU3ajC3c R8 j@3 ?3ncI3a j@CN ~ILcY
r3 a3 <RCN< jR 03c,aC$3 j@3 RUjCLCyjCRN R8 j@3 ?3ncI3a ~IL jR
ЙЕ
,@C3q3 @C<@Iw RaC3Nj30 3UCjuCI <aRsj@. IRs cna8,3 aRn<@N3cc.
IRs L<N3jC, LRL3Nj N0  @C<@ NCcRjaRUw ,RNcjNjY 7naj@3aA
LRa3. j@3 CNj3a8,3 $3js33N j@3 a3cU3,jCq3 $RjjRL 3I3,jaR03 N0
j@3 K<Q $aaC3a sc CNq3cjC<j30 $w 3I3L3NjAcU3,C~,. cna8,3A
c3NcCjCq3 uAaw $cRaUjCRN cU3,jaRc,RUw VtbW N0 uAaw L<A
N3jC, ,Ca,nIa 0C,@aRCcL VtK+/WY 00CjCRNIIw. s3 NIwy30 j@3
CLU,j R8  L3jIIC, iCM $n{3a Iw3a RN j@3 UaRU3ajC3c R8 j@3
KNДAu; ,RLURnN0Y r3 CNq3cjC<j30 j@3 jaNcURaj UaRU3ajC3c R8
8nII KiDȕc $3js33N - N0 -Y n<3a 3I3,jaRN cU3,jaRc,RUw
V2bW L3cna3L3Njc s3a3 ,aaC30 Rnj CN Ra03a jR 03j3aLCN3 j@3
CNj3a0C{ncCRN CN KiDȕcY
#3wRN0 j@3 3uUIRajCRN R8 N3sLj3aCIc s3 CNq3cjC<j30 ,RLA
LRNIw GNRsN +Rωе73ωе#Ие $c30 UKiDȕcY r3 Ua3Ua30 8nII KiD
cj,Gc sCj@ 0C{3a3Nj K<Q $aaC3a j@C,GN3cc3cY iaNcURaj L3A
cna3L3Njc s3a3 ,aaC30 Rnj $3js33N - N0 -Y i@3 jaNcA
URaj UaRU3ajC3c sCII $3 0Cc,ncc30 CN j3aLc R8 j3LU3ajna3 N0
$Cc qRIj<3 03U3N03N,3Y i@3 qaCjCRN R8 j@3 TK CN Ua3c3N,3
R8 N ǖ۸܏A~3I0 sCII $3 3uLCN30Y i@Cc 3{3,j sCII $3 nc30 CN Nǖ۸A~3I0AcnUURaj30. ǖۻA~3I0ACN0n,30 csCj,@CN< LR03Y
Йϊ
Mn
Ga
7C<na3 Ћ- b,@3LjC, cG3j,@ R8
j@3 ۿ଒ଛ U@c3 8Ra j@3 KNA;
,RLURnN0Y
7C<na3 ο- +n$C,۷଑ଞ cjan,jna3
R8 KNДAu;Y
Mn
Ga
7C<na3 Ϯ- b,@3LjC, cG3j,@
R8 j@3 ۷଑ଝଝ U@c3 8Ra j@3
KNДAu; ,RLURnN0Y
7C<na3 Ϻз- ?3u<RNI
0CcjRaj30 ۷଑ଜତ U@c3 R8
KNДAu;Y
ЙϮ bY rnaL3@I 3j IY BN-
DRnaNI R8 T@wcC,c- +RN03Nc30
Kjj3a ϺοYЙЋ VЙззЎW
i@3 $CNaw KNA; ,RLURnN0
BN j@Cc ,@Uj3a j@3 Ua3UajCRN R8 KNДAu; V ̷ ܤ ̷ W j@CN ~ILc
sCj@ U3aU3N0C,nIa L<N3jC, NCcRjaRUw sCII $3 IC0 RnjY /C{3a3Nj
,RLURcCjCRNc s3a3 Ua3Ua30 N0 cjn0C30 sCj@ a3cU3,j jR j@3Ca ,awcjIIRA
<aU@C, N0 L<N3jC, UaRU3ajC3cY ,,Ra0CN<Iw. j@3 CNj3a8,3 sc cjn0C30
CN a3IjCRN jR j@3 8RaLjCRN R8 KN˥QY i@3 cna8,3 aRn<@N3cc sc 3uA
LCN30 0n3 jR j@3 CNj3N030 CNj3<ajCRN CNjR L<N3jC, jnNN3I EnN,jCRNcY
7naj@3a. s3 CNq3cjC<j30 j@3 UUIC,$CICjw R8 KNДAu; j@CN ~ILc CN L<A
N3jC, jnNN3I EnN,jCRNcY BN j@3 Icj c3,jCRN R8 j@Cc ,@Uj3a j@3 CLU,j R8 
iCM c330 Iw3a RN j@3 KNДAu; UaRU3ajC3c sCII $3 NIwy30Y
bjRC,@CRL3jaw 03U3N03N,3 R8 KNA;
i@3 $CNawKNДAu; ,RLURnN0 3uCcjc CN 0C{3a3Nj ,awcjIIR<aU@C,
cjan,jna3cY i@3 8Rna ,RLLRNIw GNRsN a3- j@3 j3ja<RNI ۿ଑.
j@3 ,n$C, ۷ଔ. j@3 j3ja<RNI ۷ଓଓ. N0 j@3 @3u<RNI ۷଒ଚ V,8Y
7C<na3c ο jR ϮWY iR ,@C3q3 j@3 a3cU3,jCq3 U@c3c j@3 03URcCjCRN
j3LU3ajna3 N0 ,RLURcCjCRN @q3 jR $3 0Encj30Y 2,@ ,awcjI
cjan,jna3 c@Rsc 0C{3a3Nj L<N3jC, UaRU3ajC3cY  0CcjCN,jCRN Cc
0asN $3js33N U@c3csCj@ CNAUIN3L<N3jCyjCRN 0Ca3,jCRN N0
RnjAR8AUIN3 L<N3jCyjCRN 0Ca3,jCRNY i@3 CNAUIN3 L<N3jCy30۷ଔ U@c3 R8KNД; Cc nNcj$I3 $nj Ua30C,j30 jR $3  @I8AL3jIIC,.
8nIIw ,RLU3Ncj30 83aaCL<N3jYЙϮ ?Rs3q3a. j@3 LRa3 CNj3a3cjCN<
,awcjI cjan,jna3c 8Ra UKiDȕc a3 j@3 jsR j3ja<RNIIw 0CcjRaj30 ۿ଑
N0 ۷ଓଓ U@c3cY i@3 ۿ଑ V+nnW jwU3 U@c3 ,RnI0 $3 R$jCN30
8Ra KN ,RN,3NjajCRN $3IRs  CV VKNϹYξ;W 8j3a NN3ICN< j ˫%YЕз BN ,c3 R8  KNϹ;Ϲ ,RLURnN0  83aaRL<N3jC, Ra03a
Cc Ua3c3Nj sCj@  L<N3jC, LRL3Nj R8  čஅ U3a KN jRLYЕϺ #w
CN,a3cCN< j@3KN ,RN,3NjajCRN. j@3 00CjCRNI jRLc R,,nUw j@3
; URcCjCRNc N0 ,RnUI3 NjC83aaRL<N3jC,IIwsCj@ j@3KN jRLc
j j@3 CNCjCI URcCjCRNcY i@Cc NjC83aaRL<N3jC, ,RnUICN< a3cnIjc
CN UajCI ,RLU3NcjCRN R8 j@3 L<N3jC, LRL3NjcY 7Ra KNϹYИЊ;
 L<N3jC, LRL3Nj U3a KN jRL R8  čஅ sc 03j3aLCN30YЕЙ
Ез ?Y MCC0 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ЋϮYο VϺϮϮЎW
ЕϺ Y bGnLY BN- DRnaNI
R8 K<N3jCcL N0 K<N3jC,
Kj3aCIc ϺοЋYϺ VϺϮϮοW
ЕЙ KY ?c3<s N0 BY icn$A
RwY BN- DRnaNI R8 j@3 T@wcC,I
bR,C3jw R8 DUN Йз VϺϮЎχW
ЕЕ Y bGnLY BN- DRnaNI
R8 K<N3jCcL N0 K<N3jC,
Kj3aCIc ϺοЋYϺ VϺϮϮοW
Еϊ bY KCynGLC 3j IY BN-
T@wcC,I `3qC3s H3jj3ac ϺзЎYϺϺ
VЙзϺϺW
Еχ HY DY x@n 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзЙYϺЕ VЙзϺЕW
ЕЎ ?Y MCC0 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ЋϮYο VϺϮϮЎWd
?Y MCC0 3j IY BN- DRnaNI R8
j@3 T@wcC,I bR,C3jw R8 DUN
χЙYχ VϺϮοЕW
ЕЋ ?Y MCC0 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ЋϮYο VϺϮϮЎWd
DY rCNj3aICG 3j IY BN- T@wcC,I
`3qC3s # ЋЋYχ VЙззοW
Еο DY rCNj3aICG 3j IY BN- T@wcCA
,I `3qC3s # ЋЋYχ VЙззοW
ЕϮ ?Y MCC0 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ЋϮYο VϺϮϮЎW
ϊз DY rCNj3aICG 3j IY BN- T@wcCA
,I `3qC3s # ЋЋYχ VЙззοW
ϊϺ ?Y Fnaj 3j IY BN- T@wcC,I
`3qC3s # οЕYЙ VЙзϺϺW
ϊЙ bY KCynGLC 3j IY BN-
T@wcC,I `3qC3s H3jj3ac ϺзЎYϺϺ
VЙзϺϺW
ϊЕ i@a33 ,RLURcCj3 ja<3jc
s3a3 nc30 sCj@ 0C{3a3Nj
KNA; cjRC,@CRL3jaC3cY
i@3 CNAUIN3 N0 RnjAR8AUIN3 IjjC,3 ,RNcjNjc 8Ra KN; a3 a3A
URaj30 jR $3 ܎. ܏  Ȕ N0 ܐ  ȔY N CN,a3cCN< KN
,RNj3Nj I30 jR  03,a3cCN< ܐ uCcY i@3 NCcRjaRUw ,RNcjNj sc
03j3aLCN30 jR $3 ۾    ଗ ,O˥ଔYЕЕ  IRs L<N3jC, 0LUCN<
R8 ঢ  sc a3URaj30 8Ra KNϹYφω; $w KCynGLC 3j IYЕϊ 7naA
j@3aLRa3. x@n 3j IYЕχ a3URaj30  j@3Ra3jC,I cUCN URIaCyjCRN R8Y
BN Ra03a jR ,@C3q3 j@3 j3ja<RNIIw 0CcjRaj30 ۷ଓଓ VIДiCW
cjan,jna3.  KN ,RN,3NjajCRN $3js33N  CV N0  CV Cc a3A
\nCa30 N0 j@3 cLUI3 @c jR $3 NN3I30 j  ˫%YЕЎ i@3 ,awcA
jIIR<aU@C, ۷ଓଓ cjan,jna3 Cc cCLCIa jR j@3 ۿ଑ U@c3. sCj@ j@3
$nIG IjjC,3 ,RNcjNjc ܎  Ȕ N0 ܐ  Ȕ Vܐۿ଒ଛ ̛ܐ۷଑ଝଝW 8Ra KNИYеД;Y i@3 L<N3jC, LRL3Njc a3 ܙۼ   čஅ N0ܙۼۼ  ˥ čஅ RN j@3 rw,GR{ URcCjCRNc ܏ N0 ܑ. a3cU3,jCq3IwY
i@3 N3<jCRN CN0C,j3c j@3 NjC83aaRL<N3jC, ,RnUICN< R8 j@3
cn$IjjC,3cYЕЋ #w CN,a3cCN< j@3 KN ,RNj3Nj  IRs3a jRjI L<A
N3jC, LRL3Nj Cc ,@C3q30 0n3 jR ,RLU3NcjCRNY 7naj@3aLRa3.
j@3 00CjCRNI KN jRLc I30 jR  03,a3c3 R8 j@3 ܐ IjjC,3 UIN3.
s@3a3c j@3 ܎.܏ UIN3 a3LCNc ILRcj nNIj3a30YЕο  +naC3 j3LA
U3ajna3 R8 - 8Ra KNИYеД; sc a3URaj30 $w MCC0 3j IYЕϮ BN
,c3 R8  @C<@3a KN ,RN,3NjajCRN VKNИYφЊ;W j@3 ۷ଓଓ cjajc jR
03,RLURc3 j -Y i@3 03,RLURcCjCRN a3cnIjc CN N Caa3q3acC$I3
03,a3c3 R8 L<N3jCyjCRNY i@3a38Ra3 j@3 +naC3 j3LU3ajna3 Cc
3qC03NjIw @C<@3aY rCNj3aICG 3j IYϊз a3URaj30  j@3Ra3jC,I 3cjCA
Lj30 cUCN URIaCyjCRN R8  8Ra KNД;Y  cUCN URIaCyjCRN
R8  sc 03j3aLCN30 qC URCNjA,RNj,j N0a33q a33,jCRN $w
Fnaj 3j IYϊϺ 8Ra KNД;Y KCynGLC 3j IYϊЙ a3URaj30  IRs L<A
N3jC, 0LUCN< R8 ঢ   N0  @C<@ NCcRjaRUw ,RNcjNj R8۾    ଗ , EO˥ଓ 8Ra KNИYϹИ; j@CN ~ILcY
i@3 a3URaj30 UaRU3ajC3c R8 $Rj@ j3ja<RNIIw 0CcjRaj30 U@c3c.ۿ଑ N0 ۷ଓଓ. LG3 j@3L UaRLCcCN< ,N0C0j3c jR c3aq3 c 3I3,A
jaR03c CN KiDȕcY 2cU3,CIIw. j@3 IRs L<N3jC, LRL3Nj. IRs L<A
N3jC, 0LUCN<. @C<@ cUCN URIaCyjCRN N0 @C<@ NCcRjaRUw ,RNA
cjNj CN,a3c3 j@3Ca UUIC,$CICjw CN biiAK`KY
Bϩ Ξ υϔЁЅА ΞААζϨϿА Чζ ϔϩЦζЅАϔόΞАζβ ЦΞЁϔϱЛЅ KNДAu; ,RLURcCA
jCRNcY Qna cLUI3c s3a3 Ua3Ua30 CN N nIjaA@C<@ q,nnL
Vm?pW #3cj3, ,RA03URcCjCRN cUnjj3aCN< jRRIY i@3 qaCjCRN CN
j@3 cjRC,@CRL3jaw sc R$jCN30 $w ,RAcUnjj3aCN< 8aRL  KNA;
,RLURcCj3 ja<3j N0  KN ja<3jYϊЕ #w ,@N<CN< j@3 URs3a UA
UIC30 jR j@3KN ja<3j. 0C{3a3Nj ,RLURcCjCRNc s3a3 ,@C3q30Y i@3
j@CN ~ILc s3a3 03URcCj30 RN VззϺW baiCQД V܎஖ୃ஗଺ஒଞ  ȔW N0
VззϺW K<Q V܎ஐସஒ  ȔW cn$cjaj3c. 0n3 jR IRs IjjC,3 LCcA
ЙЎ
$n{3a LCcLj,@
baiCQД 
K<Q 
Tj 
T0 
+a˪ 
i$I3 Й- KCcLj,@ $3js33N
KNДAu; N0 qaCRnc cn$A
cjaj3cg$n{3a Iw3aY ˪ 8Ra କଖଵଶସ aRjj30 ~IL <aRsj@Y
ϊϊ /C{3a3N,3c CN j@3 03URA
cCjCRN j3LU3ajna3. 0n3 jR
#3cj3, @3j3a LR0C~,jCRNY
ϊχ K3cna3L3Njc s3a3
,aaC30 Rnj j j@3 KuA
TIN,GABNcjCjnj3 8Ra +@3LCA
,I T@wcC,c R8 bRIC0c. /a3cA
03N
ϊЎ 0n3 jR ,RLURcCjCRN qaCA
jCRN Rq3a jCL3
ϊЋ BN s@j 8RIIRsc s3 sCII
RNIw a383a jR j@3 ~acj 03,CA
LI UI,3 R8 j@3 cjRC,@CRL3A
jawY
Lj,@ N0 ,RLLRN nc<3 V,8Y i$I3 ЙWY i@3 0C{3a3Nj 03URcCjCRN
j3LU3ajna3c aN<30 8aRL  ˫% jR  ˫%Yϊϊ iR ,@C3q3 3\nI
Ua3UajCRN ,RN0CjCRNc 8Ra Rna cLUI3c. j@3 @3jCN< N0 ,RRICN<
aj3c s3a3 3\nI N0 j@3 NRLCNI ~IL j@C,GN3cc aN<30 8aRL PO jR  POY QN jRU   PO j@C,G K<Q ~IL sc cUnjj3a
03URcCj30 Ra 3A$3L 3qURaj30 jR Ua3q3Nj j@3 cj,G 8aRL RuA
C0CyCN<Y BN j@Cc sw. s3 s3a3 $I3 jR CNq3cjC<j3 j@3 CNn3N,3
R8 N K<Q $aaC3a RN j@3 KNA;Y i@3 a Ua3ccna3 0naCN< j@3
03URcCjCRN sc c3j jR   ˥ଔODCTY i@3 $c3 Ua3ccna3 aN<30
8aRL   ˥ଙODCT jR   ˥଒଑ODCT. @3a3   ˥଒଑ODCT Cc j@3
IRs3a ICLCj R8 j@3 q,nnL <n<3Y
i@3 UaRU3ajC3c R8 j@3 KNДAu; j@CN ~ILc s3a3 R$jCN30 $w
j@3 8RIIRsCN< L3cnaCN< j3,@NC\n3c- uAaw nRa3c,3N,3 Vt`7W
L3cna3L3Njc jR 03j3aLCN3 j@3 cjRC,@CRL3jaw. uAaw a33,jCqCjw
Vt``W N0 jRLC, 8Ra,3 LC,aRc,RUw V7KW s3a3 nc30 jR CNq3cA
jC<j3 j@3 cna8,3 aRn<@N3cc cCN,3 Cj Cc CLURajNj 8Ra Ij3a U3aA
8RaLN,3 R8 KiDȕc. uAaw 0C{a,jCRN Vt`/W L3cna3L3Njc s3a3
,aaC30 Rnj jR C03NjC8w j@3 ,awcjI cjan,jna3 N0 j@3 L<N3jC,
UaRU3ajC3c s3a3 CNq3cjC<j30 $w  cnU3a,RN0n,jCN< \nNjnL CNA
j3a83a3N,3 03qC,3 Vb[mB/WϊχY BN Ra03a jR <CN CNcC<@j CNjR j@3
,@3LC,I UaRU3ajC3c j j@3 KNДAu;gK<Q CNj3a8,3. uAaw $cRaUA
jCRN cU3,jaRc,RUw VtbW N0 uAaw L<N3jC, ,Ca,nIa 0C,@aRCcL
L3cna3L3Njc VtK+/W s3a3 ,aaC30 RnjY 7CNIIw. j3LU3ajna3
03U3N03Nj jaNcURaj L3cna3L3Njc s3a3 U3a8RaL30 RNKNДAu;
$c30 KiDȕc sCj@ 0C{3a3Nj ,RnNj3a 3I3,jaR03cY
tAaw nRa3c,3N,3 L3cna3L3Njc
c L3NjCRN30 $Rq3.  ,@N<3 CN j@3 cjRC,@CRL3jaw sc ,@C3q30
$w ,RAcUnjj3aCN< 8aRL 0C{3a3Nj ,RLURcCj3 ja<3jc N0 KN ja<3jY
i@a33 KNA; ,RLURcCj3 ja<3jc s3a3 qCI$I3-
ϺY KNωφ;φφ jR ,@C3q3 j@3 ۿ଑ cjan,jna3.
ЙY KNφе;φе jR R$jCN j@3 ۿ଑ N0 ۷ଓଓ cjan,jna3ϊЎ. N0
ЕY KNЍе;ωе jR a3ICy3 j@3 ۷ଓଓ ,awcjI U@c3Y
r3 03j3aLCN30 j@3 cjRC,@CRL3jaw qC t`7 L3cna3L3Njc. U3aA
8RaL30 sCj@  T@CICUc tȕU3aj UaR 0C{a,jRL3j3aY  ,RUU3a NR03
j@j 3LCjc  sq3I3N<j@ R8 ব   Ȕ V+n ۾ঢଜW sc nc30Y
i@3 cLUI3 sc UI,30 CN  ?3 jLRcU@3a3Y i@3 R$c3aq30 cjRCA
,@CRL3jaC3c a3 0CcUIw30 CN i$I3 ЕYϊЋ #w ,RLUaCN< j@3 a3cnIjc
R$jCN30 RN3 a3,R<NCy3c  cLII 0Cc,a3UN,w $3js33N Iw3ac RN
K<Q N0 RN baiCQД. j@3 KN ,RN,3NjajCRN R8 j@CN ~ILc RN K<Q
ЙЋ
cjRC,@CRL3jaw ,awcjI U@c3 cUnjj3aCN< L3j@R0 j3LU3ajna3 cn$cjaj3
KN଒ଖ଑
ଙ; ۿ଑ KNωφ;φφ  ˫% baiCQД
KN଒ଗ଑
ଗ; ۿ଑ KNωφ;φφ  ˫% K<Q
KN଒ଗଔ
ଗ; ۿ଑ KNφе;φе  ˫% baiCQД
KN଒ଙଓ
ଖ; ۿ଑ KNωφ;φφ Z KN V9W  ˫% baiCQД
KNଓ଒ଔ
ଔ; ۷ଓଓ KNωφ;φφ Z KN V9W  ˫% K<Q
KNଓଓଚ
କ; ۷ଓଓ KNωφ;φφ Z KN V9W  ˫% baiCQД
KNଓକଖ
଒ଗ; ۷ଓଓ KNЍе;ωе  ˫% baiCQД
KNଓଙଔ
ଘ; ۷ଓଓ KNЍе;ωе  ˫% K<Q
i$I3 Е- Qq3aqC3s R8 j@3 Ua3Ua30 cLUI3c N0 j@3Ca ,awcjIIR<aU@C, U@c3Y i@3 L3j@R0 03c,aC$3c j@3 Ua3UajCRN
UaR,3cc. cUnjj3a30 8aRL  ,RLURcCj3 ja<3j Ra cUnjj3a30 8aRL  ,RLURcCj3 ja<3j N0 N 00CjCRNI KN ja<3jY i@3
cjRC,@CRL3jaw sc CNq3cjC<j30 $w t`7 L3cna3L3NjcY
3I3L3Nj 3N3a<w ۾ܟ
KN  MG8
;  MG8
K<  MG8
ba  MG8
iC  MG8
i$I3 ϊ- 2I3,jaRN $CN0CN< 3NA
3a<C3c R8 0C{3a3Nj 3I3L3Njc
CN j@3Ca NjnaI 8RaLcY
sc @C<@3a ,RLUa30 jR j@CN ~ILc RN baiCQДY QN3 a3cRN 8Ra
j@Cc ,RLURcCjCRN 03qCjCRN ,RnI0 $3 0C{3a3Nj cjC,GCN< ,R3|,C3Njc
8Ra KN Ra ; RN j@3 cn$cjaj3cY iR 03j3aLCN3 j@3 cjC,GCN< ,R3|A
,C3Njc. j@CN ~ILc R8 0C{3a3Nj j@C,GN3cc3c @q3 jR $3 03URcCj30 j
qaCRnc j3LU3ajna3cY ?Rs3q3a. NRj@3a UIncC$I3 ,nc3 ,RnI0
$3 8RnN0 CN j@3 L3cna3L3Nj UaCN,CUI3Y t`7 L3cna3L3Njc a3
$c30 RN j@3 U@RjRCRNCcjCRN R8 N 3I3,jaRN 8aRL N CNN3a ,Ra3
c@3IIY N 3I3,jaRN 8aRL  @C<@3a ,Ra3 I3q3I ~II j@3 ,a3j30 @RI3
nN03a 3LCccCRN R8  IC<@j \nNjnL sCj@ N 3N3a<w 3\nI jR j@3
a3,RL$CNjCRN 3N3a<wY BN 00CjCRN. j@3 IC<@j \nNjnL 3LCjj30
,RnI0 3u,Cj3 N n<3a 3I3,jaRNY i@3 a3,RL$CNjCRN UaR$$CICjw R8
N Rnj3aAc@3II Ra qI3N,3 3I3,jaRN sCj@ N CNN3aAc@3II @RI3 Cc UaRA
URajCRNI jR j@3 c\na3 R8 j@3 Nn,I3a ,@a<3 ܍ଓY i@3a38Ra3. j@3
3|,C3N,w R8 InLCN3c,3N,3 Cc aj@3a IRs 8Ra Lj3aCIc sCj@ cLII܍Y 7Ra IC<@j 3I3L3Njc ܍  sCj@ $CN0CN< 3N3a<C3c $3IRs  MG8
j@3 n<3a UaR,3cc 0RLCNj3c j@3 nRa3c,3N,3 UaR,3ccY i$I3 ϊ
c@Rsc j@3 3I3,jaRN $CN0CN< 3N3a<C3c R8 j@3 ۾ܟ ,Ra3 c@3II R8 j@3 3IA
hν hν
K
L1
K
Secondary electron
hν
K
Auger electronFluorescence
L1 L1
L2
7C<na3 ϺϺ- BIIncjajCRN R8 W U@RjR3LCccCRN. $W nRa3c,3N,3. N0 ,W n<3a UaR,3ccY
Йο
3L3Njc nc30Y K< 3u@C$Cjc j@3 IRs3cj $CN0CN< 3N3a<w R8  MG8.
j@nc j@3 n<3a UaR,3cc 0RLCNj3c Rq3a j@3 InLCN3c,3N,3 UaR,3ccY
?Rs3q3a. j@3 3N3a<w R8 N n<3a 3I3,jaRN Cc NRj @C<@ 3NRn<@
jR 3u,Cj3 N 3I3,jaRN 8aRL j@3 KN CNN3aA,Ra3 c@3IIY /3cUCj3 j@3
n<3a 3I3,jaRN. j@3 c3,RN0aw 3I3,jaRN 8aRL j@3 CNCjCI 3u,CjjCRN
,RnI0 I30 jR CRNCyjCRN R8 00CjCRNI KN jRLcY rCj@ N CN,CA
03Nj U@RjRN 3N3a<w R8  MG8 N0  $CN0CN< 3N3a<w R8  MG8.
j@3 a3cnIjCN< 3N3a<w R8 j@3 c3,RN0aw 3I3,jaRN Cc @C<@ 3NRn<@
jR 3u,Cj3 00CjCRNI jRLcY i@Cc Cc IcR j@3 ,c3 8Ra c3,RN0aw
3I3,jaRNc R8 j@3 baiCQД cn$cjaj3. $nj U3a@Uc j@3 UaR$$CICjw R8
3u,CjjCRNc $w c3,RN0aw 3I3,jaRNc 8aRL ba Ra iC Cc IRs3a ,RLA
Ua30 jR K<Q cn$cjaj3cY 7naj@3aLRa3. j@3 U3N3jajCRN I3N<j@
8Ra t`7 Cc aRnN0 čOY i@nc j@3 cn$cjaj3 UIwc N CLURajNj
aRI3 8Ra j@CN ~ILc CN j@3 PO a3<CL3Y iR a30n,3 j@3 3aaRac ,nc30
$w CLUnaCjC3c CN j@3 cn$cjaj3. j@3 j@CN ~IL c@RnI0 @q3  j@C,GA
N3cc R8 j I3cj  POY #w Ua3UaCN<  cLUI3 sCj@  cn|,C3Nj
j@C,GN3cc j@3 0Cc,a3UN,w ,nc30 $w j@3 cjC,GCN< ,R3|,C3Nj N0
j@3 CLUnaCjC3c CN j@3 cn$cjaj3 c@RnI0 $3 N3<IC<C$I3Y i@3a38Ra3. 
UIncC$I3 3uUINjCRN R8 j@3 0C{3a3Nj KNДAu; ,RLURcCjCRNc RN
K<Q N0 baiCQД Cc j@3 IRs NRLCNI ~IL j@C,GN3ccY BN j@3 8naj@3a
0Cc,nccCRN sCII s3 RNIw a383a jR j@3 cjRC,@CRL3jaw R8 j@3 KNДAu;
j@CN ~ILc RN baiCQД. 3u,3Uj s@3a3 CN0C,j30 CN j@3 j3ujY
i@3 ja<3j cjRC,@CRL3jaw c@Rs30 cjaRN< qaCjCRN Rq3a jCL3.
CY3Y. j@3 ,RLURcCjCRN sc 0C{3a3Nj j 3,@ cUnjj3aCN< jCL3Y ;
L3Ijc j  ˫%. 0naCN< cUnjj3aCN< j@3 ja<3j 3u,330c j@Cc j3LU3aA
jna3Y i@3a38Ra3. Cj Cc UIncC$I3 j@j j@3 ; CN j@3 ja<3j qURaCy3c
N0 j@3 KN ,RN,3NjajCRN CN,a3c3cY [nCj3 RN j@3 ,RNjaaw. t`7
L3cna3L3Njc a3q3I30 j@j j@3KN jR; ajCR 03,a3c30. CY3Y. j@3
3.0
2.5
2.0
1.5
1.0
M
n x
G
a
7654321
sputter time
Mn60Ga40
Mn50Ga50
Mn45Ga55
L10
D022
7C<na3 ϺЙ- BIIncjajCRN R8 ja<3j ,RN,3NjajCRN qaCjCRN Rq3a jCL3 8Ra KNДAu;
j@CN ~ILc RN K<Q N0 baiCQДY
ЙϮ
hν
film
substrate
θ
n1
n2
kfki
q
7C<na3 ϺЕ- t``L3cna3L3Nj
cG3j,@Y rCj@ ܚଜଝ j@3 a38a,A
jCq3 CN03u R8 j@3 j@CN ~IL N0
cn$cjaj3 N0 ঩ j@3 N<I3 R8
j@3 CN,RLCN< uAaw $3LY
ϊο #w N3<I3,jCN< $cRaUjCRN
ণ  ଑
KN ,RN,3NjajCRN 03,a3c30Y ?Rs3q3a. Cj ,NNRj $3 anI30 Rnj j@j
j@3 LRnNj R8 ; IcR 03,a3c30Y BN 7C<na3 ϺЙ j@3 ,RLURcCjCRN
,@N<3 Rq3a jCL3 Cc 0CcUIw30Y II cLUI3c s3a3 03URcCj30 RN
baiCQД cn$cjaj3c N0 a3q3I30 j@C,GN3cc3c R8 aRnN0  POY i@3
,RLURcCjCRN R8 j@3KNЍе;ωе ja<3j ,@N<30 CN  aN<3 s@3a3 j@3۷ଓଓ U@c3 Cc cjCII R$jCN$I3Y i@3 ,RLURcCjCRN R8 j@3 KNφе;φе
ja<3j cjaj30 CN j@3۷ଓଓ a3<CL3 N0 3N030 CN j@3 ۿ଑ a3<CL3Y i@3
KNωφ;φφ ja<3j a3LCN30 CN j@3 ۿ଑ ,RLURcCjCRN aN<3Y i@3a3A
8Ra3. j@3 8$aC,jCRN R8 j@CN ~ILc sCj@ j@3 cL3 cjRC,@CRL3jaw
,RnI0 RNIw $3 R$jCN30 $w ,RA03URcCjCRN sCj@  KN ja<3jY ?RsA
3q3a. j@Cc IRs3ac j@3 UUIC,$CICjw N0 CNqRIq3c R$cj,I3c j@j sCII
$3 0Cc,ncc30 CN j@3 N3uj cn$c3,jCRN. uAaw a33,jCqCjw CNq3cjC<jCRNcY
tAaw a33,jCqCjw CNq3cjC<jCRNc
8j3a <CNCN< CNcC<@j CNjR j@3 ,RLURcCjCRN R8 Rna j@CN ~ILc. s3
03j3aLCN30 j@3 a3cU3,jCq3 Iw3a j@C,GN3cc N0 j@nc j@3 03URcCjCRN
aj3 R8 j@3 ja<3jY i@3a38Ra3. CNj3a8,3 c3NcCjCq3 t`` L3cna3A
L3Njc s3a3 ,aaC30 RnjY i@Cc L3cna3L3Nj j3,@NC\n3 Cc $c30
RN j@3 a33,jCRN R8 N CN,RLCN< uAaw j j@3 cLUI3 CNj3a8,3cY
i@3 a3cnIjCN< CNj3a83a3N,3 R8 j@3 Rnj,RLCN<. CY3Y. a33,j30 uAawc
UaRqC03c CN8RaLjCRN $Rnj j@3 ~IL j@C,GN3ccY i@3 LERa 0qNA
j<3c R8 j@Cc L3cnaCN< L3j@R0 a3 Cjc NRNA03cjan,jCqCjw N0 Cjc
UUIC,$CICjw jR LRaU@Rnc Lj3aCIc c IRN< c j@3 CNj3a8,3c a3
0CcjCN,j 3NRn<@Y i@3 N<I3 R8 CN,C03N,3 ঩ Cc $3js33N FGI N0FGIY i@3 ,RLUI3u a38a,jCq3 CN03u 8Ra LRNR,@aRLjC, uAawc Cc
cLII3a j@N RN3 N0 <Cq3N $wÉܚ   ˥ ঴  ܕণ VχW
sCj@ ঴ j@3 0CcU3acCRN N0 ণ j@3 $cRaUjCRN R8 j@3 L30CnLY 7Ra uA
awc ঴ N0 ণ a3 CN j@3 aN<3 R8 ˥ଖ N0 ˥ଗ. a3cU3,jCq3IwY BN j@3
cLII N<I3 a3<CL3  jRjI a33,jCRN R8 j@3 uAaw Cc R$c3aq30Y 8j3a
Rq3a,RLCN<  ,aCjC,I N<I3 ঩۶ j@3 uAaw U3N3jaj3c j@3 cLUI3
cna8,3 N0 Cc a33,j30 j j@3 CNj3a8,3 $3js33N ~IL N0 cn$cjaj3Y
i@3 ,aCjC,I N<I3 ঩۶ Cc 3I3L3NjAcU3,C~, N0 UaRqC03c CN8RaLA
jCRN $Rnj j@3 03NcCjw R8 j@3 a3cU3,jCq3 ~ILYϊο #w UUIwCN< j@3
bN3IICnc Is N0 j@3 UUaRuCLjCRN
 ˥ ঴  EQU ঩۶ ̛  ˥ ঩ଓ۶  VЎW
s3 <3j j@3 8RIIRsCN< a3IjCRN 8Ra ঩۶঩۶ ̛ ˭঴ VЋW
Ез
ϊϮ ?3a3 j@3 CNj3a8,3 $3A
js33N ~IL N0 cn$cjaj3 Cc
a383aa30 jR c CNj3a8,3Y
χз HY bUC3Ň 3j IY pRIY ЙY
pC3s3<Z i3n$N3a. rC3cA
$03N. Йззχ
χϺ HY TaajjY BN- T@wcC,I
`3qC3s ϮχYЙ VϺϮχϊW
7naj@3aLRa3. j@3 a3IjCRN $3js33N 0CcU3acCRN N0 03NcCjw ,N
$3 cU3,C~30 $w IRRGCN< j j@3 ,RnUICN< $3js33N j@3 Rnj3a 3I3,A
jaRNc N0 j@3 @C<@A8a3\n3N,w 3u,CjjCRN R8 j@3 uAawcY i@nc j@3
8RIIRsCN< a3IjCRN 8Ra j@3 03NcCjw ল ,N $3 03j3aLCN30
ল ̛ ঱܀঴ܞ଑܁۴܍ব VοW
s@3a3܀ 03NRj3c j@3 LRIa Lcc. ܍ j@3 jRLC, NnL$3a. ܞ଑ j@3
#R@a a0Cnc. ܁۴ j@3 qR<0aR ,RNcjNj N0 ব j@3 sq3I3N<j@ R8
j@3 CN,RLCN< IC<@jY c Ia30w L3NjCRN30 $Rq3. 8j3a j@3 N<I3
R8 j@3 CN,RLCN< IC<@j 3u,330c ঩۶ j@3 uAaw U3N3jaj3c j@3 cLUI3
N0 Cc a33,j30 j j@3 ~ILgcn$cjaj3 CNj3a8,3Y i@3 a33,j30 $3L
j j@3 ~ILgcn$cjaj3 CNj3a8,3 CNj3a83a3c sCj@ j@3 a33,j30 $3L
RN j@3 cna8,3Y i@3 NnL$3a R8 Rc,CIIjCRNc UaRqC03c CN8RaLjCRN
$Rnj j@3 ~IL j@C,GN3cc ܑY r3 sCII ,RNcC03a j@3 #INjRN a3IjCRN.
j@j Cc <Cq3N $w ܑ  ব
ܙ ˥ ܚ
UKP
঩ܙ ˥ UKP
঩ܚ VϮW
s@3a3 ঩ܙ N0 ঩ܚ 03NRj3 j@3ܙܠǻ N0 ܚܠǻLuCL Ra LCNCL R8 j@3
Rc,CIIjCRNcY i@3 03,a3c3 R8 CNj3NcCjw 03U3N0c RN j@3 cna8,3 Ra
CNj3a8,3 aRn<@N3ccYϊϮ i@3 uAaw nN03a<R3c  0C{nc3 a33uCRN RN
j@3 aRn<@ cna8,3 Ra CNj3a8,3 s@C,@ IRs3ac j@3 a33,j30 CNj3NA
cCjwYχз 2q3N CNLnIjCIw3a cjan,jna3c j@3 a3cU3,jCq3 ~IL aRn<@N3cc
,RnI0 $3 3uLCN30Y iR R$jCN j@3c3 0j. j@3 t`` c,N Cc ~jj30
NnL3aC,IIw sCj@ j@3 TaajjχϺ 8RaLICcLY rCj@ j@Cc 8RaLICcL
j@3 ~jjCN< R8 LnIjCUI3 Iw3ac Cc IcR URccC$I3Y
BN 7C<na3 Ϻϊ t`` c,Nc R8 KNДAu; j@CN ~ILc RN baiCQД N0
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lo
g 
in
te
ns
ity
543210
2θ (deg)
543210
2θ (deg)
(a) (b)
Mn2.5Ga
Mn2.3Ga
Mn1.8Ga
Mn1.6Ga
Mn1.5Ga
Mn2.8Ga
7C<na3 Ϻϊ- t`` 0j R8 0C{3a3Nj KNДAu; j@CN ~ILc 03URcCj30 RN VW baiCQД N0 V$W K<Q cn$cjaj3cY i@3 cLUI3c
j@j s3a3 Ua3Ua30 nN03a cL3 ,RN0CjCRNc @q3 j@3 cL3 ,RIRaY i@3 03URcCjCRNc ,RN0CjCRNc ,N $3 8RnN0 CN i$I3 ЕY
Bj @c jR $3 L3NjCRN30 j@j j@3 KNϹYЍ; j@CN ~IL RN baiCQД Va30 ,naq3W @c N 00CjCRNI ଑ଙ ିା j@C,G +Rωе73ωе#Ие
CNj3aIw3aY
ЕϺ
cjRC,@CRL3jaw j@C,GN3cc VPOW aRn<@N3cc VPOW 03NcCjw VIO˥ଔW cn$cjaj3
KN଒ଖ; 
 
 
 baiCQД
KN଒ଖ; 
 
 
 K<Q
KN଒ଗ; 
 
 
 baiCQД
KN଒ଙ; 
 
 
 baiCQД
KN଒ଙ; 
 
 
 K<Q
KNଓଔ; 
 
 
 baiCQД
KNଓଖ; 
 
 
 baiCQД
KNଓଖ; 
 
 
 K<Q
KNଓଙ; 
 
 
 K<Q
i$I3 χ- Q$jCN30 ~IL j@C,GN3cc. ~IL aRn<@N3cc N0 03NcCjw R8 KNДAu; cLUI3c RN baiCQД N0 K<Q cn$cjaj3c $w
~jjCN< j@3 t`` c,Nc qC j@3 Taajj I<RaCj@L V,8Y 7C<na3 ϺϊWY
7C<na3 Ϻχ- 7K UC,jna3 R8
 KNИYω; j@CN ~IL RN 
baiCQД cn$cjaj3Y i@3 03URA
cCjCRN j3LU3ajna3 sc c3j jRଖଖ଑ ˫ஆY i@3 aLc aRn<@N3cc
R$jCN30 sc $Rnj ଒ଖ ିାY
7C<na3 ϺЎ- b2K UC,jna3 R8
 KNИYω; j@CN ~IL RN 
baiCQД cn$cjaj3Y i@3 03URA
cCjCRN j3LU3ajna3 sc c3j jRଖଚଖ ˫ஆY
K<Q cn$cjaj3c a3 03UC,j30Y ?3a3.  ,RLUaCcRN $3js33N cLA
UI3c 03URcCj30 $w ,RA03URcCjCRN N0 03URcCj30 8aRL RNIw  ,RLA
URcCj3 ja<3j Cc L03Y  \nICjjCq3 IRRG c@Rsc  @C<@3a aRn<@A
N3cc 8Ra cLUI3c Ua3Ua30 $w ,RA03URcCjCRNY i@3 a3cU3,jCq3 j@CN
~IL j@C,GN3cc3c. aRn<@N3cc3c N0 03NcCjC3c a3 ICcj30 CN i$I3 χY
i@3 ~IL j@C,GN3cc3c a3 $3js33N  PO N0  POY i@3 CLURaA
jNj ,@a,j3aCcjC, Cc ~IL aRn<@N3ccY iR 3N$I3 bii csCj,@CN< CN
KiDȕc j@3 K<Q $aaC3a j@C,GN3cc N330c jR $3 03,a3c30 jR $3IRs POY 7Ra j@Cc a3cRN.  $RjjRL Iw3a sCj@ aRn<@N3cc $Rq3  PO
a30n,3c j@3 UUIC,$CICjw R8 j@3 KiD. 0n3 jR UCN@RI3c j@aRn<@
j@3 $aaC3aY i@3 R$jCN30 0j c@Rs N CN,a3c3 CN KNA; ~IL
aRn<@N3cc sCj@ CN,a3cCN< URs3a UUIC30 jR j@3 KN cUnjj3aCN<
ja<3jY 7RaKNИYД;. j@3 aRn<@N3cc Cc  PO N0 j@3a38Ra3 @C<@3a
c j@3 $aaC3a j@C,GN3cc 8Ra biiAKiDȕcY ?3N,3. j@3 ,RA03URcCjCRN
L3j@R0 Cc CNUUaRUaCj3 8Ra R$jCNCN< @C<@3a KN ,RN,3NjajCRNcY
iR Rq3a,RL3 j@Cc R$cj,I3  ,RLURcCj3 ja<3j sCj@ @C<@3a KN
,RN,3NjajCRN VKNЍе;ωеW sc nc30Y i@3 ~IL aRn<@N3cc ,RnI0
$3 a30n,30 $3IRs  PO 8Ra KNИYφ; j@CN ~ILcY +RNc3\n3NjIw.
j@3 CNj3<ajCRN R8 j@CN ~ILc 8aRL  ,RLURcCj3 ja<3j CNjR KiDȕc
Cc UaRLCcCN<. 3q3N s@3N j@3 $aaC3a j@C,GN3cc Cc 03,a3c30 jR
3N$I3 bii csCj,@CN<Y
8j3a c3q3aI cUnjj3a jCL3c. j@3 $Rq3AL3NjCRN30 cjRC,@CRL3A
jaw qaCjCRN R8 j@3 ,RLURcCj3 ja<3jc I30 jR N CcIN0 ICG3 <aRsj@
R8 j@3 KNA; j@CN ~ILcY 7K L3cna3L3Njc a3q3I30  aRRj
L3N c\na3 VaLcW cna8,3 aRn<@N3cc R8 $Rnj  PO 8Ra  j@CN
~IL 03URcCj30 j  ˫% 8aRL j@3 KNЍе;ωе ja<3j RN baiCQДY BN
00CjCRN.  c,NNCN< 3I3,jaRN LC,aRc,RU3 Vb2KW UC,jna3 R8 N
NIR<Rnc cLUI3 03URcCj30 j  ˫% Cc CIIncjaj30 CN 7C<na3 ϺЎY
i@3 03j3aLCN30 ~IL cjRC,@CRL3jaw sc KNଓଔଚ
ଚ;Y i@nc j@3
ЕЙ
substrate
θ
7C<na3 ϺЋ- #a<< #a3NjNR
L3cna3L3Nj c3jnUY i@3 aA
aRsc CN0C,j3 j@3 <aRsj@ 0CA
a3,jCRNc R8 j@3 ,awcjIICj3c.
CY3Y. j@3 <aCNcY
hν
film
substrate
θ
dhkl
7C<na3 Ϻο- t`/ L3cna3A
L3Nj cG3j,@Y
χЙ MY rY c@,aR8j N0 MY /Y
K3aLCNY #aRRGcg+RI3.
i@RLcRN H3aNCN<. Йззχ
,RLURcCjCRN R8 j@3 ja<3j ,@N<30 N0 j@3 aRn<@N3cc R8 j@3 Ua3A
Ua30 j@CN ~IL CN,a3c30Y #3,nc3 R8 j@3 CcIN0 <aRsj@ Cj sc NRj
URccC$I3 jR 03j3aLCN3  aRn<@N3cc qIn3 8aRL j@3 t`` L3cna3A
L3NjcY i@Cc cjRC,@CRL3jaw qaCjCRN N0 j@3 CN,a3cCN< cna8,3
aRn<@N3cc a3 ,an,CI R$cj,I3c CN j@3 Ua3UajCRN R8KNA; $c30
KiDȕcY
tAaw 0C{a,jCRN NIwcCc
i@3 ,awcjIIR<aU@C, cjan,jna3 R8 j@3 KNДAu; cLUI3c sc CNA
q3cjC<j30 qC uAaw 0C{a,jCRN Vt`/W L3cna3L3Njc. a3ICy30
$w  T@CICUc tȕU3aj UaR 0C{a,jRL3j3a V+n۾ঢ ব  ȔWY iR
CNq3cjC<j3 URIw,awcjIICN3 cLUI3c j@3 #a<<A#a3NjNR ,RN~<A
najCRN V঩঩W sc nc30 V,8Y 7C<na3 ϺЋWY BN ,RLUaCcRN jR uAaw
a33,jCRN. j@3 uAaw 0C{a,jCRN R,,nac j @C<@3a N<I3c N0 Cc
$c30 RN j@3 0C{a,jCRN R8 j@3 CN,RLCN< uAaw CN j@3 IjjC,3Y N
CN,C03Nj $3L 3LCjj30 8aRL  ,RUU3a NR03 Cc c,jj3a30 8aRL
j@3 jRLc R8 j@3 Lj3aCIY i@3 ,RNcjan,jCq3 CNj3a83a3N,3 ,N $3
03c,aC$30 $w #a<<ȕc IsχЙ-ܚব  ܑǻܗܘ UKP ঩ VϺзW
sCj@ ܚ N CNj3<3a NnL$3a. ব j@3 uAaw a0CjCRN sq3I3N<j@. ܑǻܗܘ
j@3 IjjC,3 UIN3 0CcjN,3 N0 ঩ j@3 N<I3 $3js33N CN,C03Nj $3L
N0 IjjC,3 UIN3Y 7C<na3 Ϻο c@Rsc j@3 a33,jCRN R8 CN,C03Nj uAawc
RN jsR N3C<@$RaCN< IjjC,3 UIN3c. c3Uaj30 $w  0CcjN,3 ܑǻܗܘY
i@3 Uj@ 0C{3a3N,3 Cc ܑǻܗܘ UKP ঩Y rCj@ N N<I3 R8 ,RNcjan,jCq3
CNj3a83a3N,3 ঩ j@3 UIN3 0CcjN,3 Cc <Cq3N $w
ܑǻܗܘ  ܚব UKP ঩  VϺϺW
?3N,3. j@3 RnjAR8AUIN3 IjjC,3 ,RNcjNj R8 j@3 CNq3cjC<j30 Lj3A
aCI ,N $3 ,I,nIj30 $w-
ܐ  ˭ǻଓ  ܗଓ  ܘଓ ܑǻܗܘ VϺЙW
i@3 jRjI CNj3NcCjw ۼǻܗܘ R8 3,@ U3G. s@C,@ Cc ,RnNj30 $w j@3
03j3,jRa. Cc a3Ij30 jR j@3 ,awcjIIR<aU@C, cjan,jna3 8,jRa ۹ǻܗܘ.ۼǻܗܘ ˰ ^۹ǻܗܘ^ଓ VϺЕW
i@3 cjan,jna3 8,jRa ,N $3 3uUa3cc30 $w
۹ǻܗܘ  ܙ೎ܖ଒ ܓܖ GZR
঱ܕ
ǻܡܖ  ܗܢܖ  ܘܣܖ VϺϊW
ЕЕ
sCj@ ܓܖ j@3 jRLC, c,jj3aCN< 8,jRa R8 j@3 ܖܠǻ jRL R8 j@3 nNCj ,3II
N0 ܡܖ. ܢܖ. N0 ܣܖ j@3 a3cU3,jCq3 ,RRa0CNj3c R8 j@3 jRLY 
ǻܗܘ
a3 j@3 KCII3a CN0C,3c N0 ܙ j@3 NnL$3a R8 jRLc CN j@3 nNCj ,3IIY
QNIw UIN3c sCj@ 3Cj@3a II 3q3N Ra II R00 KCII3a CN0C,3c I30 jR
 NRNAqNCc@CN< a33,j30 CNj3NcCjwY i@3 03j3aLCN30 U3Gc ,N
$3 cn$0CqC030 CNjR 8nN0L3NjI N0 cnU3a IjjC,3 U3GcY i@3
8nN0L3NjI U3Gc IcR UU3a CN j@3 Ua3c3N,3 R8 0CcRa03aY i@3
cnU3a IjjC,3 U3Gc a3 c3NcCjCq3 jR 0CcRa03aY i@3 ۷ଓଓ cjan,jna3
8,jRac ,N $3 saCjj3N c-۹ଓ଑଑କ  
ܓ۴  ܓ۵  ܓ۶  ܓ۷ଓ VϺχW۹ଓ଑଑ଓ  
ܓ۴ ˥ ܓ۵ ˥ ܓ۶  ܓ۷ଓ VϺЎW۹ଓ଑଒଒  
˥ܓ۴ ˥ ܓ۵ ˥ ܓ۶  ܓ۷ଓ VϺЋW
s@3a3 ܓ۴۵۶۷ Cc 03~N30 c j@3 jRLC, c,jj3aCN< 8,jRa R8 j@3
cn$IjjC,3cY BN ,c3 R8  U3a83,jIw Ra03a30 ۷ଓଓAKNДAu; ,awcjI.۴۵ ۶ ,Raa3cURN0 jRKNN0۷ jR;Y 7Ra KNA+RA; ,awcjI j@3۴۵ ۶ cn$IjjC,3c sCII $3 ~II30 $w KN N0 +RY 7naj@3aLRa3. 8Ra
j@3KNДȊu;3 cjan,jna3 j@3 0CcjaC$njCRN R8 j@3KN N0 ;3 jRLc Cc
NIR<Rnc jR KNДAu;Y i@3 cjan,jna3 8,jRa ۹ଓ଑଑କ Cc ,@a,j3aCy30
$w j@3 cnL R8 II jRLC, c,jj3aCN< 8,jRacY 7Ra j@Cc a3cRN. 3q3N
CN j@3 Ua3c3N,3 R8 0CcRa03a. j@3 a3cnIjCN< U3G CNj3NcCjw sCII NRj
qNCc@Y i@3 VззϊW U3G Cc  8nN0L3NjI a33uY BN ,RNjacj jR j@3
VззϊW U3G. j@3 CNj3NcCjw R8 j@3 VззЙW N0 VзϺϺW a33u3c qNCc@3c
CN j@3 Ua3c3N,3 R8 0CcRa03aY i@3a38Ra3 j@3c3 a33u3c a3 cnU3a
IjjC,3 U3GcY
i@3 ۿ଑ cjan,jna3 8,jRac c@Rsc  0C{3a3Nj a3IjCRN-۹ଓ଑଑ଓ  
ܓ۴  ܓ۵  ܓ۶  ܓ۷ଓ VϺοW۹ଓ଑଑଒  
ܓ۴  ܓ۵ ˥ ܓ۶ ˥ ܓ۷ଓ VϺϮW۹ଓ଑଒଒  
ܓ۴ ˥ ܓ۵  ܓ۶ ˥ ܓ۷ଓ VЙзW
7Ra  U3a83,j ۿ଑ ,awcjI ۴۵ ,Raa3cURN0c jR ; N0 ۶۷ jR KNY
?3a3. j@3 ۹ଓ଑଑ଓ cjan,jna3 8,jRa Cc j@3 8nN0L3NjI a33u N0 j@3۹ଓ଑଑଒ U3G j@3 cnU3a IjjC,3 a33uY BN  U3a83,jIw Ra03a30 ,awcjI.
j@3 VзϺϺW CNj3NcCjw qNCc@3cY bCN,3 CN j@3 ۿ଑ cjan,jna3 j@3 

U3G Cc 8Ra$C003N Cjc UU3aN,3 Cc UaRR8 R8 j@3 ۷ଓଓ cjan,jna3Y
i@3 $aR03NCN< ۵ R8 j@3 U3Gc Cc ,nc30 $w j@3 CNcjanL3Nj
Cjc3I8 N0 $w j@3 cLUI3Y i@3 CNcjanL3Nj 3u@C$Cjc  ;nccCN
U3G $aR03NCN<. s@3a3c j@3 cCy3 R8 j@3 ,awcjIICj3c N0 j@3
cjaCN sCj@CN j@3 ,awcjIICj3c a3cnIj CN  HRa3NjyCN $aR03NCN<Y
i@3a38Ra3. j@3 sC0j@ ,N $3 saCjj3N c۵ଓ  ۵ଓܕ  ۵ଓܟ  VЙϺW
Еϊ
χЕ ;Y FY rCIICLcRN N0
rY ?Y ?IIY BN- ,j L3jIInaA
<C, VϺϮχЕW
χϊ HY bUC3Ň 3j IY pRIY ЙY
pC3s3<Z i3n$N3a. rC3cA
$03N. Йззχ
sCj@ ۵ܕ j@3 CNcjanL3NjI N0 ۵ܟ j@3 cLUI3 CN0n,30 sC0j@Y i@3
cLUI3 CN0n,30 sC0j@ ,N $3 3uUa3cc30 $w
۵ܟ  ۾܆ব঵ EQU ঩  দ VCP঩ VЙЙW
i@3 ~acj 8,jRa RN j@3 aC<@j cC03 ,Raa3cURN0c jR j@3 <aCN cCy3঵ N0 j@3 c3,RN0 j3aL jR j@3 cjaCN দ. ۾܆ Cc j@3 b,@3aa3a 8,jRa
Ra c@U3 8,jRa N0 ব j@3 sq3I3N<j@Y i@Cc a3IjCRN Cc ,II30
rCIICLcRNA?IIχЕ NIwcCcY i@nc j@3 <aCN cCy3 ঵ ,N $3 3cjCLj30
$w UUIwCN< j@3 b,@3aa3a 3\njCRN
঵  ۾܆ব۵ܟ EQU ঩  VЙЕW
sCj@ ۾܆ j@3 c@U3 8,jRa. ব j@3 uAaw sq3I3N<j@. N0 ۵ܟ j@3 8nII
sC0j@ j @I8LuCLnL V7r?KW R8 j@3 R$c3aq30 U3GY i@3 c@U3
8,jRa ۾܆ Cc ,IRc3 jR nNCjw N0 03U3N0c RN j@3 c@U3 R8 j@3 ,awcA
jIICj3Y N UUaRuCLjCRN ,N $3 L03 s@3N ncCN< j@3 7r?K.
j@3N ۾܆ Cc Yχϊ BN 00CjCRN. j@3 cjaCN দ ,N $3 3cjCLj30 sCj@
j@3 8RIIRsCN< 3\njCRN
দ  ۵ܟ VCP঩ VЙϊW
i@3 t`/ c,Nc R8 c3q3aI KNДAu; Iw3ac RNK<Q N0 baiCQД
a3 c@RsN CN 7C<na3 ЙзY #3,nc3 R8 j@3 qawCN< KNДAu; cjRA
C,@CRL3jaC3c RN K<Q N0 baiCQД cn$cjaj3c. s3 aaN<30 j@3
t`/ c,Nc $w j@3 cL3 03URcCjCRN ,RN0CjCRNc. CY3Y. 03URcCjCRN
j3LU3ajna3 N0 UUIC30 URs3aY bLUI3c RN baiCQД cn$cjaj3c
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7C<na3 Йз- t`/ c,Nc R8 0C{3a3Nj KNДAu; j@CN ~ILc 03URcCj30 RN VW baiCQД V$In3W N0 V$W K<Q V<a33NW cn$cjaj3cY
i@3 03URcCjCRN j3LU3ajna3 sc ,@Rc3N $3js33N ଖଓ଑ ˫ஆ N0 ଖଚଖ ˫ஆY i@3 a33u NRL3N,Ijna3 ,Raa3cURN0c jR j@3 ۿ଒ଛ
U@c3Y 7Ra j@3 ۷଑ଝଝ cjan,jna3 j@3 8RIIRsCN< NRL3N,Ijna3 Cc nc30- ଓ
ǻܗܘۿଜଛY
Еχ
a33u j@3j VFGIW
VззϺW 
VззЙW 
VззЕW 
i$I3 Ў- baiCQД cn$cjaj3
a33u3c 8Ra +n ۾ঢ ব ଒ଖକ଒ଚȔY
χχ DY rCNj3aICG 3j IY BN- T@wcCA
,I `3qC3s # ЋЋYχ VЙззοW
3u@C$Cj cCu a33u3c. j@a33 0n3 jR j@3 cn$cjaj3 N0 j@a33 8aRL
j@3 KNA; j@CN ~ILY 7Rna a33u3c a3 qCcC$I3 8Ra cLUI3c RN
K<Q cn$cjaj3c. RN3 8aRL j@3 cn$cjaj3 Cjc3I8 N0 j@a33 8aRL
j@3 KNA; Iw3aY 7Cacj s3 sCII ,RNcC03a j@3 cLUI3c sCj@  KN
,RN,3NjajCRN $3IRs  CV. ,,Ra0CN< jR j@3 Iw3a ,RLURcCjCRN
RN j@3 baiCQД cn$cjaj3cY II j@CN ~ILc. CN03U3N03NjIw R8 j@3
cn$cjaj3. a3q3I j@3 8nN0L3NjI VззЙW a33u N0 j@3 cnU3a IjA
jC,3 a33u3c VззϺW N0 VззЕWY i@nc. j@3 j3ja<RNIIw 0CcjRaj30 ۿ଑
cjan,jna3 sc UaRq30Y 7Ra KN aC,@ cLUI3c. j@3 t`/ c,Nc c@Rs
j@3 8nN0L3NjI VззϊW a33u N0 j@3 cnU3a IjjC,3 VззЙW N0 VззЎW
a33u3cY i@3a38Ra3. j@3 ۷ଓଓ cjan,jna3 sc IcR ,@C3q30Y rCj@
CN,a3cCN< KN ,RNj3Nj j@3 U3G URcCjCRNc a3 c@C8j30 jR @C<@3a ঩
N<I3cY i@nc j@3 ܐ IjjC,3 ,RNcjNj CN,a3c3c sCj@ 03,a3cCN< KN
,RNj3NjY i@Cc CN,a3c3 R8 ܐ Cc $c30 RN j@3 Caa3<nIa a3LRqI R8
j@3 KN jRLc 8aRL j@3 rw,GR{ URcCjCRNc ܏ N0 ܑYχχ i@3 j@CN
~IL a33u3c 8Ra cLUI3c RN K<Q a3 c@C8j30 jR @C<@3a N<I3c.
URCNjCN< jR  IRs3a ܐ IjjC,3 ,RNcjNj ,RLUa30 jR cLUI3c RN
baiCQДY i@3 IRs3a ܐ UaL3j3a 8Ra cLUI3c RN K<Q Cc $c30 RN
j@3 Ij3aI 3uUNcCRN. 0n3 jR j@3 @C<@3a IjjC,3 LCcLj,@ $3js33N
j@CN ~IL N0 cn$cjaj3Y QNIw a33u3c R8 j@3 ۿ଑ N0 ۷ଓଓ U@c3
s3a3 8RnN0. j@nc  @C<@Iw RaC3Nj30 cCN<I3 U@c3 sc <aRsNY i@3
0CcjCN,jCRN $3js33N j@3 jsR ,awcjIIR<aU@C, U@c3c Cc $c30 RN
j@3 KN ,RN,3NjajCRNY 00CjCRNIIw. 2nI3aCN ,a0I3 L3cna3A
L3Njc ,RnI0 $3 ,aaC30 Rnj jR CNq3cjC<j3 j@3 UU3aN,3 R8 j@3
VзϺϺW a33uY
BN 7C<na3 ЙϺ N 3NIa<30 c3,jCRN R8 j@3 VззϺW a33u R8 KNϹYφ;
j@CN ~IL RN baiCQД Cc CIIncjaj30Y i@3 UU3aN,3 R8 Hn3 Rc,CIA
IjCRNc Cc ,I3a 3qC03N,3 R8  @C<@ ,awcjIICN3 Ra03aY i@3w a3
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(001) SrTiO3 (001) Mn-Ga
7C<na3 ЙϺ- 2NIa<30 c3,jCRN R8 j@3 VззϺW a33u R8  KNϹYφ; j@CN ~IL RN  baiCQД
cn$cjaj3 V,8Y 7C<na3 Йз VWWY pCcC$I3 Hn3 Rc,CIIjCRNc a3 LaG30 $w a30 aaRscY
ЕЎ
$c30 RN j@3 CNj3a83a3N,3 R8 j@3 0C{a,j30 uAaw 8aRL UaII3I
,awcjI UIN3cY ?Rs3q3a. RNIw j@3 cLUI3c j@j s3a3 03URcCj30
8aRL j@3 KNωφ;φφ Ra j@3 KNφе;φе ja<3j c@Rs Hn3 Rc,CIIA
jCRNc C8 Ua3Ua30 RN  baiCQД cn$cjaj3Y bLUI3c Ua3Ua30 $w 
,RAcUnjj3aCN< UaR,3cc N0gRa RN N K<Q cn$cjaj3c a3q3I30 N
$c3N,3 R8 Hn3 Rc,CIIjCRNcY
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s3 NIwy30 j@3 U3G ,@a,j3aCcjC,c R8 j@3 R$jCN30 t`/ c,NcY
i@3 IjjC,3 ,RNcjNj ܐ. j@3 8nII sC0j@ j @I8 LuCLnL V7r?KW
N0 j@3 j3ujna30 Ra03a 03U3N0CN< RN j@3 cjRC,@CRL3jaw sCII $3
0Cc,ncc30Y i@3 Ijj3a Cc 03~N30 $w
VGZVWTGF QTFGT  PGV CTGCNC[GT VJKEMPGUU  VЙχW
bCN,3 j@3 U3G CNj3NcCjw Cc UaRURajCRNI jR j@3 j@CN ~IL j@C,GA
N3cc. j@3 R$jCN30 N3j a3 Cc NRaLICy30 jR j@3 a3cU3,jCq3 ~IL
j@C,GN3ccY
BN 7C<na3 ЙЙ j@3 03U3N03N,3 R8 j@3 RnjAR8AUIN3 IjjC,3 UaLA
3j3a RN j@3 KNA; ,RLURcCjCRN Cc 03UC,j30Y i@3 IjjC,3 ,RNcjNj
sc 03j3aLCN30 $w q3a<CN< j@3 R$jCN30 ܐ UaL3j3a 8aRL j@3
VззϺW N0 VззЙW a33u. Ra CN ,c3 R8  ۷ଓଓ ,awcjI j@3 VззЙW N0
VззϊWY i@3 ܐ UaL3j3a 03,a3c3c sCj@ CN,a3cCN< KN ,RNj3Nj
8Ra $Rj@ ,awcjI U@c3cY i@Cc $3@qCRa Cc $c30 RN j@3 Caa3<nIa
a3LRqI R8 KN jRLc 8aRL j@3 ܏ N0 ܑrw,GR{ URcCjCRNcY i@CN
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7C<na3 ЙЙ- /3U3N03N,3 R8 j@3 ܐ IjjC,3 UaL3j3a RN j@3 j@CN ~IL ,RLURcCjCRN
RN baiCQД V$In3W N0 K<Q V<a33NW cn$cjaj3cY i@3 03URcCjCRN j3LU3ajna3 scଖଓ଑ ˫ஆY i@3 0c@30 a30 ICN3c CN0C,j3 j@3 $Ra03ac R8 j@3 ۿ଒ଛ N0۷଑ଝଝ U@c3cY i@3
a30 ,naq3c CIIncjaj3 j@3 a3URaj30 $nIG IjjC,3 ,RNcjNjc 8aRLrCNj3aICG 3j IY 8Ra
j@3 ۷଑ଝଝ N0 8aRL #Cj@3a 3j IY 8Ra j@3 ۿ଒ଛ U@c3YχЎ
ЕЋ
χЎ DY rCNj3aICG 3j IY BN- T@wcCA
,I `3qC3s # ЋЋYχ VЙззοWd iY Y
#Cj@3a N0 rY ?Y +IRn0Y BN-
DRnaNI R8 UUIC30 T@wcC,c
ЕЎYϊ VϺϮЎχW
χЋ iY Y #Cj@3a N0 rY ?Y
+IRn0Y BN- DRnaNI R8 UUIC30
T@wcC,c ЕЎYϊ VϺϮЎχWd DY rCNj3aA
ICG 3j IY BN- T@wcC,I `3qC3s #
ЋЋYχ VЙззοW
χο ?Y MCC0 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ЋϮYο VϺϮϮЎW
χϮ iY Y #Cj@3a N0 rY ?Y
+IRn0Y BN- DRnaNI R8 UUIC30
T@wcC,c ЕЎYϊ VϺϮЎχW
θ θ
7C<na3 ЙЕ- b,@3LjC, UaCN,CA
UI3 R8 LRcC,CcL CN  ,awcjIY
Ўз +njCRN. 0R NRj LCu
nU j@3 ۿ଒ଛ N0 ۷଑ଝଝ VззЙW
a33u3c6
ЎϺ HY DY x@n 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзЙYϺЕ VЙзϺЕW
~ILc Ua3Ua30 RN K<Q cn$cjaj3c 3u@C$Cj  IRs3a ܐ IjjC,3 ,RNA
cjNj. 3u,3Uj 8Ra jsR cLUI3c. 0n3 jR j@3 ܎ ܏ IjjC,3 LCcLj,@ R8Y 7Ra ,RLUaCcRN s3 0030 j@3 a3URaj30 ܐ UaL3j3ac 8Raۿ଑ N0 ۷ଓଓ $nIG cLUI3cYχЋ i@3 qIn3c R$jCN30 8Ra cLUI3c
RN baiCQД ,,Ra0 s3II sCj@ j@3 ICj3ajna3 0jY ?Rs3q3a. cLUI3c
RN K<Q cn$cjaj3c c@Rs  03qCjCRN 8aRL j@3 a3URaj30 qIn3cY
#3js33N KNϹYξ; N0 KNϹYϭω;  ,RAU@c3 R8 j@3 ۿ଑ N0 ۷ଓଓ
cjan,jna3c sc a3URaj30 $w MCC0 3j IYχο i@3a38Ra3 j@3 a3I ,awcA
jIIR<aU@C, cjan,jna3 R8 j@3 KNϹYξ; j@CN ~IL Cc NRj GNRsN. $nj
j@3 ܐ UaL3j3a Lj,@3c j@3 a3URaj30 qIn3 8Ra j@3 ۿ଑ U@c3YχϮ
BN j@3 8RIIRsCN< s3 sCII CNq3cjC<j3 j@3 7r?K R8 j@3 cnU3a
IjjC,3 N0 8nN0L3NjI U3GcY #w N3<I3,jCN< j@3 cjaCN দ s3
<3j  \nICjjCq3 IRRG j j@3 <aCN cCy3 ঵Y BN 7C<na3 Йϊ VW j@3
7r?K R8 j@3 cnU3a IjjC,3 VззϺW N0 VззЙW a33u3c R8 j@3 ۿ଑ N0۷ଓଓ ,awcjI cjan,jna3 Cc CIIncjaj30Y BN 00CjCRN. 7C<na3 Йϊ V$W
03UC,jc j@3 7r?K R8 j@3 8nN0L3NjI ۿ଑ N0 ۷ଓଓ a33u3c.
CY3Y. j@3 VззЙW N0 VззϊW U3GcYЎз i@CN ~ILc RN K<Q c@Rs NR
0CcjCN,j $3@qCRa. N3Cj@3a 8Ra j@3 cnU3a IjjC,3 NRa 8Ra j@3 8nN0A
L3NjI a33uY bLUI3c RN baiCQД cn$cjaj3c 3u@C$Cj N ILRcj
,RNcjNj 7r?K R8 j@3 cnU3a IjjC,3 a33uY 7naj@3aLRa3. j@3
7r?K R8 j@3 8nN0L3NjI a33u c@Rsc  cLII CN,a3c3 sCj@
CN,a3cCN< KN ,RNj3Nj. $nj 03,a3c3c <CN 8Ra KNИYφ;Y x@n
3j IYЎϺ a3URaj30 j@3 Ua3UajCRN R8 KNu; j@CN ~ILc Vܤ  
jR W sCj@ U3aU3N0C,nIa L<N3jC, NCcRjaRUw RN VззϺW ;c
cn$cjaj3cY i@3 R$jCN30 7r?K R8 j@3 8nN0L3NjI a33u a3
@C<@3a j@N  FGIY i@3a38Ra3. s3 R$jCN30  @C<@3a ,awcjIICNCjw
8Ra KNДAu; j@CN ~ILc RN baiCQД N0 K<QY
iR 3cjCLj3 j@3 <aCN cCy3 ঵ 8aRL j@3 7r?K. j@3 c@U3 8,jRa
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jjC,3 ۿ଒ଛ a33u N0 j@3 VззЙW cnU3a IjjC,3 ۷଑ଝଝ a33uY V$W 7r?K R8 j@3
VззЙW 8nN0L3NjI ۿ଒ଛAa33u N0 j@3 VззϊW 8nN0L3NjI ۷଑ଝଝAa33uY i@3 KNДAu; j@CN ~ILc s3a3 03URcCj30 RN
baiCQД V$In3W N0 K<Q V<a33NW cn$cja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7C<na3 Йχ- 2cjCLj30 <aCN cCy3 8Ra KNДAu; j@CN ~ILc RN baiCQД V$In3W N0 K<Q
V<a33NW cn$cjaj3c c  8nN,jCRN R8 j@3 j@CN ~IL cjRC,@CRL3jawY
ЎЙ HY bUC3Ň 3j IY pRIY ЙY
pC3s3<Z i3n$N3a. rC3cA
$03N. Йззχ
۾܆ Cc a3\nCa30Y i@3 8,jRa ۾܆ j3IIc nc C8 LRcC,CcL V,8Y 7C<na3 ЙЕW
Ra <IR$nIa ,awcjI c@U3c a3 Ua3c3NjY #w ncCN< j@3 7r?K 
c@U3 8,jRa R8  ,RnI0 $3 ccnL30YЎЙ i@3 q3a<3 <aCN cCy3.
3cjCLj30 8aRL j@3 VззϺW N0 VззЙW a33u 8Ra ۿ଑ N0 j@3 VззЙW
N0 VззϊW 8Ra j@3 ۷ଓଓ U@c3. Cc c@RsN CN 7C<na3 ЙχY #3,nc3 j@3
<aCN cCy3 03U3N0c RN j@3 a3,CUaR,I R8 j@3 7r?K. j@3 Ia<3cj
<aCNc a3 R$jCN30 8Ra cLUI3c sCj@ j@3 cLII3cj 7r?KY 7Ra
j@Cc a3cRN. j@CN ~ILc RN baiCQД cn$cjaj3 3u@C$Cj Ia<3cj <aCNc
$3js33N Ȕ N0 ȔY i@CN ~ILc RN K<Q a3q3I La<CNI
IRs3a <aCN cCy3c 8Ra cLUI3c Ua3Ua30 8aRL  ,RLURcCj3 ja<3jY
?Rs3q3a. RN3 @c jR G33U CNLCN0 j@j $aR03NCN< 8aRL j@3 cjaCN
N0 Rj@3a 8,jRac s3a3 N3<I3,j30Y i@3a38Ra3. j@3 a3I <aCN cCy3
,RnI0 0C{3a 8aRL j@3 R$jCN30 qIn3cY
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7C<na3 ЙЎ- i3ujna30 Ra03a R8KNДAu; j@CN ~ILc RN baiCQД V$In3W N0K<Q V<a33NW
c  8nN,jCRN R8 j@3 j@CN ~IL cjRC,@CRL3jawY
ЕϮ
ЎЕ `Y +Y DGI3qC, 3j IY BN-
T@wcC,I `3qC3s H3jj3ac ϺЙYЋ
VϺϮЎϊW
Ўϊ #Y /Y DRc3U@cRNY BN-
T@wcC,c H3jj3ac ϺYЋ VϺϮЎЙW
i@3 Icj ,@a,j3aCcjC, R$jCN30 8aRL j@3 t`/ c,N Cc j@3 j3uA
jna30 Ra03a. c 03~N30 CN 2\njCRN VЙχWY 7C<na3 ЙЎ 03UC,jc j@3
R$jCN30 j3ujna30 Ra03a qIn3c c  8nN,jCRN R8 j@3 cjRC,@CRL3jawY
i@3 @C<@3cj qIn3c a3 ,@C3q30 8Ra j@CN ~ILc RN baiCQД sCj@ 
LuCLnL R8  8Ra KNϹYЍ;Y BN 00CjCRN. j@3 KNϹYЍ; cLUI3
a3q3Ic  ܐ IjjC,3 ,RNcjNj j@j Cc RNIw La<CNIIw 0C{3a3Nj 8aRL
j@j R8  $nIG cLUI3 sCj@ 3\nI ,RLURcCjCRNY 7naj@3aLRa3. Hn3
Rc,CIIjCRNc a3 ,I3aIw qCcC$I3 V,8Y cn$c3,jCRN i@3 +RA73A# CNj3aA
Iw3aW N0 j@nc j@Cc cLUI3 UU3ac jR $3  U3a83,jIw ,awcjIICN3
j@CN ~ILY
iR cnL nU. KNДAu; j@CN ~ILc RN baiCQД c@Rs  @C<@3a ,awcA
jIICN3 \nICjw j@N j@CN ~ILc 03URcCj30 RN K<QY Q8 ,Rnac3. j@Cc
a3IjCRN sc 3uU3,j30 0n3 jR j@3 IRs IjjC,3 LCcLj,@ R8 
$3js33N j@3 KNA; ,awcjI N0 j@3 baiCQД cn$cjaj3Y i@3 3{3,jc
RN j@3 ,awcjI cjan,jna3 R8 j@3 KNA; CN0n,30 $w j@3 IjjC,3 LCcA
Lj,@ R8  $3js33N j@CN ~ILc N0 K<Q s3a3 ,I3aIw c33N
CN j@3 ܐ IjjC,3 ,RNcjNj. j@3 7r?K. N0 j@3 j3ujna30 Ra03aY BN
00CjCRN. cLUI3c Ua3Ua30 8aRL j@3 KNωφ;φφ N0 KNφе;φе
,RLURcCj3 ja<3jc a3q3I j@3 IRs3cj 7r?K. Ia<3cj <aCN cCy3c
N0 @C<@3cj j3ujna30 Ra03acY BN ,RL$CNjCRN sCj@ j@3 R$jCN30
aRn<@N3cc qIn3c. j@3c3 j@CN ~ILc a3 LRcj UaRLCcCN< 8Ra CNj3A
<ajCRN CNjR KiDȕcY
K<N3jC, UaRU3ajC3c R8 KNA;
i@3 L<N3jC, UaRU3ajC3c R8 c3I3,j30 cLUI3c s3a3 CNq3cjC<j30
$w L3Nc R8  cnU3a,RN0n,jCN< \nNjnL CNj3a83a3N,3 03qC,3
Vb[mB/WЎЕ sCj@ N 3uj3aNI L<N3jC, ~3I0 R8 nU jR o6Y
i@3 b[mB/ Cc $c30 RN j@3 \nNjCyjCRN R8 j@3 L<N3jC, nu
N0 j@3 DRc3U@cRN 3{3,jYЎϊ BN  cnU3a,RN0n,jCN< IRRU. j@3 L<A
N3jC, nu Lncj $3 N CNj3<3a NnL$3a R8 j@3 L<N3jC, nu \nNjĢ଑Y i@3 DRc3U@cRN 3{3,j 03c,aC$3c j@3 jnNN3ICN< R8 +RRU3a UCac
CN  cnU3a,RN0n,jRagCNcnIjRagcnU3a,RN0n,jRa jaCIw3a cwcj3LY
?3a3 <CN.  qRIj<3 Cc <3N3aj30 ,aRcc j@3 EnN,jCRNc j@j Cc
UaRURajCRNI jR j@3 L<N3jC, nuY  L<N3jC, nu qaCjCRN R8˥ଗ Ģ଑ ,N $3 03j3aLCN30Y i@j ,Raa3cURN0c jR  ~3I0 ,@N<3 R8˥଒ଖ 6 8Ra  cLUI3 sCj@ N a3 R8 OOଓY
BN 7C<na3 ЙЋ j@3 CNAUIN3 N0 RnjAR8AUIN3 b[mB/ L3cna3A
L3Njc R8  KNϹYφ; N0  KNИYξ; j@CN ~IL RN K<Q a3 CIA
Incjaj30Y 7Ra $Rj@ cLUI3c j@3 03URcCjCRN j3LU3ajna3 sc ˫%Y i@3 0CAgUaL<N3jC, $,G<aRnN0 Cc cn$ja,j30 $w  ICN3Y
i@3 ۿ଑ARa03a30 cLUI3 c@Rsc  L<N3jCyjCRN R8 
 M#O˥଒Y
FǑ@I3a 3j IY a3URaj30  L<N3jCyjCRN R8  M#O˥଒ 8Ra   PO
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line subtraction
(a) (b)
7C<na3 ЙЋ- b[mB/ L<N3jCyjCRN IRRUc R8  VW ۿ଒ଛA N0  V$W۷଑ଝଝARa03a30 KNДAu; j@CN ~IL RN K<QY i@3 3uj3aNI
L<N3jC, ~3I0 sc UUIC30 UaII3I V<a33NW N0 U3aU3N0C,nIa V$In3W jR j@3 cLUI3 cna8,3Y iR 3ICLCNj3 j@3
0CAgUaL<N3jC, $,G<aRnN0  ICN3 cn$ja,jCRN sc U3a8RaL30 V,8Y $In3 N0 <a33N ,naq3cWY i@3 a30 ,naq3 c@Rsc
j@3 L<N3jCyjCRN IRRU 8Ra j@3۷଑ଝଝ cLUI3 sCj@ UaII3I ~3I0 0Ca3,jCRN sCj@Rnj ICN3 cn$ja,jCRNY i@3۷଑ଝଝ cjan,jna3
a3q3Ic  cj3U ICG3 @wcj3a3cCc IRRU VCN0C,j30 $w j@3 RaN<3 aaRsWY
Ўχ Y FǑ@I3a 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзЕYϺЎ VЙзϺЕW
ЎЎ 2Y +Y bjRN3a N0 2Y TY
rR@I8aj@Y BN- T@CIRcRU@C,I
iaNc,jCRNc R8 j@3 `RwI
bR,C3jw R8 HRN0RNY b3aC3c Y
Kj@3LjC,I N0 T@wcC,I
b,C3N,3c VϺϮϊοW
ЎЋ Y FǑ@I3a 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзЕYϺЎ VЙзϺЕW
Ўο ?Y Fnaj 3j IY BN- T@wcC,I
`3qC3s # οЕYЙ VЙзϺϺW
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7C<na3 Йο- QnjAR8AUIN3
L3cna3L3Nj sCj@ cn$A
ja,j30 CNAUIN3 IRRU R8 j@3۷଑ଝଝAKNИYξ; cLUI3Y
j@C,G ۿ଑ARa03a30 KNϹYξЍ; j@CN ~IL RN K<Q sCj@  +a $n{3aYЎχ
i@3 IRs3a L<N3jCyjCRN R8 Rna cLUI3 Cc CN0n,30 $w  @C<@3a
,awcjIICN3 Ra03a N0 j@nc  @C<@3a ,RLU3NcjCRN R8 j@3 L<A
N3jC, LRL3NjcY i@3 3uj3aNI L<N3jC, ~3I0 Cc @C<@ 3NRn<@ jR
cjnaj3 $Rj@ cLUI3c CN j@3 RnjAR8AUIN3 0Ca3,jCRNY j  ~3I0 R8
UUaRuCLj3Iw 6 j@3 CNAUIN3 @wcj3a3cCc R8 j@3KNϹYφ; j@CN ~IL
cjnaj3cY N 3cjCLjCRN R8 j@3 NCcRjaRUw 3N3a<w ۾ ,N $3 L03
$w ncCN< j@3 8RIIRsCN< 2\njCRN 8aRL j@3 bjRN3aArR@I8aj@ЎЎ
LR03I ۾  ǖۻ۾ ǖ܀܆ VЙЎW
sCj@ ǖۻ۾ $3CN< j@3 NCcRjaRUw ~3I0 N0 ǖ܀܆ j@3 cjnajCRN L<A
N3jCyjCRNY i@3 03j3aLCN30 qIn3 Cc ۾  
  ଗ ,O˥ଔ N0
j@nc CN j@3 cL3 Ra03a c j@3 qIn3 a3URaj30 $w FǑ@I3a 3j IYЎЋ
V  ଗ ,O˥ଔW 8Ra j@3KNϹYξЍ; ,RLURnN0 RN +a $n{3a30K<QY
i@3 @C<@3aKN LRnNj ,RLUa30 jR Rna cLUI3 ,nc3c j@3 @C<@3a
NCcRjaRUw 3N3a<wY
i@3 L<N3jCyjCRN R8 j@3 ۷ଓଓ U@c3 Cc IRs3a V
 M#O˥଒W
,RLUa30 jR j@3 ۿ଑ARa03a30 cLUI3. 0n3 jR j@3 @C<@3a ,RLU3NcA
jCRN R8 L<N3jC, LRL3NjcY Fnaj 3j IYЎο a3URaj30  L<N3jCyjCRN
R8  M#O˥଒ 8Ra  KNД; j@CN ~IL RN K<QY i@3 IRs3a L<N3A
jCyjCRN Cc $c30 RN j@3 @C<@3a KN ,RN,3NjajCRN N0 j@nc RN j@3
@C<@3a ,RLU3NcjCRN R8 L<N3jC, LRL3NjcY ?Rs3q3a. j@3 ۷ଓଓ
cLUI3 ,RnI0 NRj $3 cjnaj30 CN j@3 CNAUIN3 0Ca3,jCRN sCj@ 
~3I0 nU jR 6 V,8Y 7C<na3 ЙЋ V$W a30 ,naq3WY ?3N,3. N NCcRjaRUw
,RNcjNj ,RnI0 NRj $3 3cjCLj30Y BN j@3 bjRN3aArR@I8aj@ LR03I.
j@3 ,R3a,Cq3 ~3I0 ǖۻܐ N0 j@3 NCcRjaRUw ~3I0 ǖۻ۾ a3 3\nIY ?RsA
ϊϺ
ЎϮ rY 73N< 3j IY BN- DRnaNI R8
UUIC30 T@wcC,c ϺзοYϺϺ VЙзϺзWd
FY KY FaCc@NNY BN- UUIC30
T@wcC,c H3jj3ac ЎϺYϺϮ VϺϮϮЙWd
xY HCADnN 3j IY BN- +@CN3c3
T@wcC,c # ЙЙYϺϺ VЙзϺЕWd HY
x@n N0 DY x@RY BN- UUIC30
T@wcC,c  VЙзϺЕW
Ћз Y D3c,@3 3j IY BN- Mjna3
+RLLnNC,jCRNc χ VЙзϺϊW
ЋϺ 7Y rn 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϮϊYϺЙ VЙззϮW
3q3a. 7C<na3 ЙЋ VW c@Rsc j@j j@Cc UUaRuCLjCRN Cc NRj URccC$I3
@3a3Y BN <3N3aI. j@3 8RaLjCRN R8 0RLCN sIIc Cc  a3cRN 8Ra
j@jY
NRj@3a CNj3a3cjCN< 83jna3 Cc c33N CN j@3 @wcj3a3cCc IRRU. 
cj3UAICG3 csCj,@CN< aRnN0 y3aR ~3I0Y Qj@3a <aRnUc R$jCN30 cCLA
CIa a3cnIjc. $nj NRN3 UaRqC030 N 3uUINjCRNYЎϮ D3c,@3 3j IYЋз
a3URaj30  cj3U ICG3 @wcj3a3cCc 8Ra HCИVHϹAu73uWM N0 jRRG Cjc Ua3cA
3N,3 c N CN0C,jRa R8 j@3 UajCI jnaNRq3a R8 L<N3jC, LRL3Njc
j y3aR ~3I0Y BN Rna ,c3. Cj Cc UIncC$I3 j@j  c3,RN0. cR8jA
L<N3jC, U@c3 CN0n,3c j@Cc cj3UY #w cn$ja,jCN< j@3 CNAUIN3
@wcj3a3cCc 8aRL j@3 RnjAR8AUIN3 @wcj3a3cCc. j@3 cj3U N3aIw qNA
Cc@3c N0 j@nc cnUURajc j@3 ccnLUjCRN R8  cR8jAL<N3jC, U@c3
V,8Y 7C<na3 ЙοWY #3cC03c j@3 L<N3jCyjCRN. j@3 ,R3a,Cq3 ~3I0 IcR
c@Rsc 03U3N03N,3 RN j@3 cjRC,@CRL3jawY 7Ra KN aC,@ j@CN ~ILc
j@3 ,R3a,CqCjw Cc 
 M1G N0 8RaKNURRa j@CN ~ILc 
1GY
i@3 a3,jN<nIaCjw R8  cIRU3 Cc L3cna30 $w Cjc c\na3N3cc qIn3.
s@C,@ Cc 03~N30 $w ܆  ǖ܀ܞ ǖ܀܆Y ?3a3 ǖ܀ܞ 03NRj3c j@3 a3LN3N,3
L<N3jCyjCRNY i@3 ۷ଓଓAKNИYξ; j@CN ~IL 3u@C$Cjc N ܆ R8 
N0 j@3 ۿ଑ARa03a30 j@CN ~IL a3,@3c  qIn3 R8 Y
7C<na3 ЙϮ c@Rsc j@3 @wcj3a3cCc IRRU R8  KNИYφ; j@CN ~IL
03URcCj30 j  ˫% RN  baiCQД cn$cjaj3Y i@3 cLUI3 3u@C$Cjc
 L<N3jCyjCRN R8 
 M#O˥଒Y i@3 L<N3jCyjCRN Cc @C<@3a
,RLUa30 jR j@j R8 j@3 KNИYξ; j@CN ~IL RN K<Q 0n3 jR j@3
IRs3a KN ,RNj3Nj N0 j@nc j@3 IRs3a ,RLU3NcjCRN R8 j@3 L<A
N3jC, LRL3NjcY 7naj@3aLRa3. j@3 L<N3jCyjCRN Cc @C<@3a ,RLA
Ua30 jR j@j a3URaj30 $w rn 3j IYЋϺ 8Ra KNИYφ; RN +a $n{3a30
K<Q cn$cjaj3Y i@3w a3URaj30  qIn3 R8  M#O˥଒ 8Ra N
NN3ICN< j3LU3ajna3 R8  ˫%Y KRcj ICG3Iw. j@3 c3,RN0. cR8jA
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SrTiO3
7C<na3 ЙϮ- ?wcj3a3cCc IRRU R8  KNИYφ; j@CN ~IL RN baiCQДY i@3 03URcCjCRN
j3LU3ajna3 sc ଖଚଖ ˫ஆ N0 j@3 ~IL j@C,GN3cc Cc ଔଔକଘ ିାY
ϊЙ
ЋЙ #Y iY i@RI3 3j IY BN- T@wcCA
,I `3qC3s # ЕϺYϺз VϺϮοχW
ЋЕ ;Y b,@ɫjy 3j IY BN- T@wcCA
,I `3qC3s H3jj3ac χοYЋ VϺϮοЋW
Ћϊ KY <nCIa N0 7Y <nIIƽA
HƽU3yY BN- DRnaNI R8 UUIC30
T@wcC,c χЕYϺЙ VϺϮοЙW
L<N3jC, U@c3 Cc j@3 a3cRN 8Ra j@3 @C<@3a L<N3jCyjCRN R8 j@3
KNИYφ; j@CN ~IL RN baiCQДY ?Rs3q3a. j@3 ,R3a,CqCjw Cc aRnN0
 M1G N0 j@nc ILRcj 3\nI jR j@3 ,R3a,CqCjw R8 j@3KNИYξ;
cLUI3 RN K<QY 7naj@3aLRa3. s3 R$jCN30  ܆ R8  8Ra j@3
KNИYφ; Iw3aY i@Cc qIn3 Cc IRs3a ,RLUa30 jR j@3 Rj@3a cLUI3c
N0 UaR$$Iw $c30 RN j@3 c3,RN0. cR8jAL<N3jC, U@c3Y
bR8j uAaw $cRaUjCRN cU3,jaRc,RUw
i@3 7a0w N0 F3aa 3{3,jc s3a3 j@3 ~acj U@3NRL3N j@j
a3q3I30 CNj3a,jCRN $3js33N URIaCy30 IC<@j N0  L<N3jC,
L30CnLY ?Rs3q3a. j@3 UUIC,$CICjw R8 URIaCy30 IC<@j Cc ICLA
Cj30 0n3 jR Cjc sq3I3N<j@Y BN  i@RI3 3j IYЋЙ Ua30C,j30 j@3
R,,naa3N,3 R8 ICN3a uAaw L<N3jC, 0C,@aRCcL VtKH/W N0 CN b,@ɫjy 3j IYЋЕ a3URaj30 N uAaw L<N3jC, ,Ca,nIa 0C,@aRA
CcL VtK+/W 3{3,jY i@3 L<N3jC, UaRU3ajC3c R8 jaNcCjCRN L3jIc
N0 aa3 3aj@c a3 $c30 RN j@3 ܑ N0 ܓ qI3N,3 3I3,jaRNcY
i@3 CLURajNj $cRaUjCRN 30<3c. j@3 ۿA30<3 8Ra jaNcCjCRN L3jIc
N0 j@3܀A30<3 8Ra aa3 3aj@c. a3 $3js33N  G8 N0  G8Y
i@3a38Ra3. cR8j uAaw IC<@j V MG8 jR  MG8W Cc cn|,C3Nj 8Ra j@3
CNq3cjC<jCRN R8 L<N3jC, UaRU3ajC3c N0  qC$I3 Ij3aNjCq3 jR
N3njaRNcY
tAaw $cRaUjCRN cU3,jaRc,RUw VtbW Cc 3I3L3Nj cU3,C~, N0
UaRqC03c CNcC<@j CN j@3 ,@3LC,I UaRU3ajC3c. cCN,3 ,Ra3 I3q3I $CN0A
CN< 3N3a<C3c 03U3N0 RN ,@3LC,I cjj3 N0 jRLC, NnL$3aY r@3N
 cLUI3 Cc Caa0Cj30 N 3I3,jaRN 8aRL j@3 ,Ra3 I3q3I ,N $3 3uA
,Cj30 RNjR  @C<@3a nNR,,nUC30 I3q3I $Rq3 j@3 73aLC 3N3a<w V,8Y
7C<na3 ЕϺWY BN ,c3 R8 URIaCy30 uAawc VICN3a Ra ,Ca,nIaW j@3
L<N3jC, UaRU3ajC3c ,N $3 NIwy30Y iR ,RLUa3 j@3 $nIG N0
cna8,3 UaRU3ajC3c jsR 0C{3a3Nj L3cnaCN< LR03c s3a3 qCIA
$I3Y i@3 $nIGAc3NcCjCq3 InLCN3c,3N,3 LR03 VHKW Cc $c30 RN
j@3 3u,CjjCRN CN j@3 cn$cjaj3Y b3,RN0aw 3I3,jaRNc 8aRL j@3 j@CN
~IL 3u,Cj3 3I3,jaRNc CN j@3 cn$cjaj3Y i@3 a3cnIjCN< InLCN3c,3N,3
wC3I0 Cc 03j3,j30 $w  U@RjR0CR03. sCj@  cU3,jaI a3cURNc3 8aRLব   PO jR  PO. $3@CN0 j@3 cLUI3Y mN8RajnNj3Iw. j@3
InLCN3c,3N,3 LR03 Cc NRj UUIC,$I3 8Ra II jwU3c R8 cn$cjaj3.
K<Q sRaGc s@CI3 baiCQД NRjY <nCIa 3j IYЋϊ a3URaj30  cCN<I3A
3LCccCRN $N0 j  PO R8 baiCQД j j3LU3ajna3c $3IRs -Y
i@Cc a3cnIj ,RnI0 NRj $3 a3UaR0n,30. 3q3N j j3LU3ajna3c aRnN0- N CNcn|,C3Nj InLCN3c,3N,3 cC<NI sc R$c3aq30Y N 0qNA
j<3 R8 j@3 InLCN3c,3N,3 LR03 Cc Cjc UUIC,$CICjw RN CNcnIjCN<
cLUI3cY ?Rs3q3a. ajC8,jc 8aRL j@3 cn$cjaj3 sCII $3 c33N CN j@3
R$jCN30 cU3,janL. ICG3  c3,RN0 Ra03a K< U3G j  G8Y
ϊЕ
Luminescence Mode Total electron yield
V
sample
photodiode
sample
secondary
electrons
visible light
X-ray X-ray
e- e-
7C<na3 Ез- b,@3LjC, cG3j,@ R8 j@3 jsR L3cnaCN< L3j@R0c VW InLCN3c,3N,3
LR03 N0 V$W jRjI 3I3,jaRN wC3I0Y
3d
2p3/2
2p1/2
EF
M
L3
L2
7C<na3 ЕϺ- tAaw $cRaUjCRN
8aRL j@3 ۿଝଞA30<3c CNjR j@3ଔܑ 8Ra I38j N0 aC<@j ,Ca,nIaIw
URIaCy30 uAawcY ǖ܀ 03NRj3c
j@3L<N3jC, cjj3 R8 j@3 cLA
UI3Y
Ћχ ?3a3. ܖ. ܘ. N0 ܟ a3 j@3
j@a33 \nNjnL NnL$3acY
ЋЎ BNcj30 R8 ,@N<CN< j@3
URIaCyjCRN R8 j@3 CN,RLCN<
$3L. j@3 L<N3jCyjCRN
cjj3 R8 j@3 cLUI3 ,N $3
qaC30Y
ЋЋ T3ajna$jCRNc CN j@3
$3L ,N $3 ,N,3I30 $w
NRaLICyCN< RN ۼଛ
i@3 cna8,3Ac3NcCjCq3 jRjI 3I3,jaRN wC3I0 Vi2vW UaRqC03c CNA
8RaLjCRN $Rnj j@3 ~acj  PO jR  PO R8 j@3 j@CN ~ILY ?3a3. 
,RNcjNj ,naa3Nj Cc 0aCq3N j@aRn<@ j@3 cLUI3Y #w 3u,CjCN< IRA
,I 3I3,jaRNc 8aRL j@3 ,Ra3 I3q3I. j@3 8a33 3I3,jaRNc R,,nUw j@3
URcCjCRNc qCI$I3 N0 j@3 ,naa3Nj CN,a3c3cY BN j@Cc sw. RNIw
,RN0n,jCN< cLUI3c ,N $3 L3cna30Y TaCLaCIw. cLUI3c RN
baiCQД cn$cjaj3 s3a3 L3cna30 CN i2v LR03Y i@CN ~ILc RN
K<Q s3a3 NIwy30 CN i2v N0 HK LR03Y
7C<na3 ЕϺ CIIncjaj3c j@3 i2v 8Ra I38j 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aIw URA
IaCy30 IC<@jY i@3 I38j ,Ca,nIaIw URIaCy30 uAawc I30 jR cUCNAnU
URIaCyjCRN R8 j@3 U@RjR3I3,jaRNc j j@3 ۿଔA30<3 qC cUCNARa$Cj
,RnUICN< Vܖ  ܘ 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 aC<@j ,Ca,nIaIw URIaCy30 IC<@j
I30c jR cUCNA0RsN URIaCyjCRNYЋЎ /n3 jR j@3 L<N3jCyjCRN
0Ca3,jCRN R8 j@3 cLUI3. LRa3 nNR,,nUC30 cUCNAnU ܑ cjj3c 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qCI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$cRaUjCRN 8Ra I38j ,Ca,nIaIw URI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a30 jR aC<@j ,Ca,nI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$cRaUjCRN cU3,janL c@Rsc j@3 RUA
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qCRa 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7C<na3 ЕЕ- 2u3LUIaw +RAt N0 tK+/ cU3,janLY
ϊχ
Ћο +Y iY +@3N 3j IY BN- T@wcCA
,I `3qC3s H3jj3ac ЋχYϺ VϺϮϮχW
ЋϮ +Y iY +@3N 3j IY BN- T@wcCA
,I `3qC3s H3jj3ac ЋχYϺ VϺϮϮχWd
DY b,@LI@Racj 3j IY BN- DRnaA
NI R8 UUIC30 T@wcC,c ϺзχYχ
VЙззϮW
οз Y b,@3ayY T@Y/Y i@3cCcY
7a3C3 mNCq3acCj¡j #3aICN.
ЙззЕ
οϺ Y b,@3ayY T@Y/Y i@3cCcY
7a3C3 mNCq3acCj¡j #3aICN.
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οЙ DY b,@L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i$I3 Ћ- ۶ qIn3c 8Ra 0C{3a3Nj
jaNcCjCRN L3j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i@3 t N0 tK+/ cU3,ja R8 j@3 +R cLUI3 8aRL 7C<na3 ЕЙ a3
CIIncjaj30 CN 7C<na3 ЕЕY BN <3N3aI. RN3 ,N R$jCN j@3 L<N3jC,
LRL3Nj 8aRL tb N0 tK+/ 0j $w ncCN< j@3 UUaR,@ R8
+@3N 3j IYЋο ܙܛܞ܏  ˥ ܁ǻܜǻম EQU ঩ ܝܞ VЕϺWܙܟܜܕܚ  ˥ ܁ǻܜǻম EQU ঩ 
ܜ ˥ ܝܞ VЕЙW
sCj@ ܁ǻ j@3 NnL$3a nNR,,nUC30 ܑ cjj3c. CY3Y. @RI3c. ܜǻম j@3
,Ca,nIa URIaCyjCRN 03<a33 N0 ঩ j@3 N<I3 $3js33N j@3 L<A
N3jCyjCRN 0Ca3,jCRN R8 j@3 cLUI3 N0 j@3 uAaw $3L 0Ca3,jCRNY
i@3 CNj3<aIc ܜ. ܝ. N0 ܞ a3 03~N30 cܜ  ೋۿଞ
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s@3a3 ܆܏ Cc j@3 $,G<aRnN0 j@j Cc R8j3N ccnL30 c  NRA8a33A
UaL3j3a jsRAcj3UAICG3 8nN,jCRNY i@3 U3G URcCjCRNc R8 j@3 ۿଔ
N0 ۿଓ s@Cj3 ICN3c a3 j@3 j@a3c@RI0c R8 j@3 jsRAcj3U ICG3 8nN,jCRNY
i@3 @3C<@j R8 j@3 ۿଔ N0 ۿଓ sc c3j jR  N0  R8 j@3 q3a<3
$cRaUjCRN ,R3|,C3Njc CN j@3 URcjA30<3 a3<CRNYЋϮ
i@Cc UUaR,@ ,N $3 3uUN030 $w j@3 jj3LUj R8 b,@3ayοз.
s@3a3 ccnLUjCRNc $Rnj j@3 NnL$3a R8 ܑ @RI3c a3 NRj N3,3cA
cawY ?3a3. j@3 ܞAqIn3c j@j s3a3 jG3N 8aRL j@3 tb a3 03~N30
c- ܞ  ۶܁ǻন VЕЎWন Cc j@3 URcjA30<3 EnLU @3C<@jY ۶ Cc  ,RNcjNj 03U3N0CN< RN
j@3 jaNcCjCRN LjaCu 3I3L3Njc N0 ,RNN3,jc j@3 ,Ra3 N0 qI3N,3
cjj3c CNqRIq30 CN j@3 ܜA jR ܑAjaNcCjCRNc. j@3 qIn3c a3URaj30
$w b,@3ayοϺ N0 b,@LI@Racj 3j IYοЙ a3 CIIncjaj30 CN i$I3 ЋY
iGCN< j@Cc a3IjCRN CNjR ,,RnNj. j@3 Ra$CjI L<N3jC, LRL3Njܙܛܞ܏ N0 j@3 cUCN L<N3jC, LRL3Nj ܙܟܜܕܚ a3 <Cq3N $w-ܙܛܞ܏  ˥ ܜǻম EQU ঩ ܝ۶ন VЕЋWܙܟܜܕܚ  ˥ ܜǻম EQU ঩ 
ܜ ˥ ܝ۶ন  VЕοW
#w NRaLICyCN< j@3 URcjA30<3 EnLU@3C<@j ন. j@3 a3LCNCN< qIn3c
a3 j@3 ,RNcjNj ۶. j@3 ܜA N0 ܝAqIn3c. j@3 $3L URIaCyjCRN
ϊЎ
οЕ pIn3c 8Ra #3LICN3 V#HW
ЎYЕYϺ. H#MH. #3aG3I3w. +
οϊ ?Y Y /ɫaa 3j IY BN- T@wcA
C,I `3qC3s # χЎYϺЕ VϺϮϮЋWd vY
vRNLRjR 3j IY BN- T@wcC,I
`3qC3s # ЎЕYЙϺ VЙззϺW
οχ bY pRcc 3j IY BN- T@wcC,I
`3qC3s # ЋχYϊ VЙззЋW
ܜǻম  
 N0 j@3 N<I3 $3js33N L<N3jCyjCRN N0 uAaw
$3L0Ca3,jCRN঩  FGIYοЕ iR ,I,nIj3ܙܟܜܕܚ 8RaKN j@3 ܖܖLCuCN<
,NNRj $3 N3<I3,j30Yοϊ 7Ra j@Cc a3cRN ܙஐିܟܜܕܚ @c $33N LnIjCUIC30
$w j@3 ,RLU3NcjCRN 8,jRa স  Y
i@3 KNAt cU3,ja R8 0C{3a3Nj KNДAu; ,RLURcCjCRNc RN
baiCQД cn$cjaj3c. L3cna30 j #3LICN3 ЎYЕYϺ. H#MH. #3aG3A
I3w. a3 CIIncjaj30 CN 7C<na3 ЕϊY i@3 a3cnIjc s3a3 R$jCN30 CN
cna8,3Ac3NcCjCq3 i2vLR03Y i@3 3N3a<C3c a3URaj30 8Ra j@3KNAۿଔA
N0 KNAۿଓA30<3 a3  G8 N0  G8Y Qna cLUI3c a3q3I 
cLII 0Cc,a3UN,w sCj@ a3cU3,j jR j@3 ICj3ajna3 0j. 0n3 jR j@3
,IC$ajCRN R8 j@3 $3LICN3 N0 j@3 URccC$I3 RuC0jCRN R8 j@3 KNY
#w jGCN<  ,IRc3a IRRG j j@3 t cU3,ja R8 j@3 KNИYД; j@CN ~IL.
s3 ~N0 N 00CjCRNI 83jna3 j U@RjRN 3N3a<C3c $Rq3 j@3 ۿଔA
30<3Y i@Cc 83jna3 Cc  ,I3a CN0C,jRa R8 j@3 8RaLjCRN R8 KN˥QY
00CjCRNIIw. j@3 KNϹYϭ; cLUI3 3u@C$Cjc j@3 cL3 LnIjCUI3j
cjan,jna3. $nj I3cc 0CcjCN,j j@N 8Ra KNИYД;Y Bj Cc 0C|,nIj 8Ra
$Rj@ cU3,ja jR 0CcjCN<nCc@ $3js33N KNQ. KNQИ. N0 KNИQДYοχ
7Ra KNϹYφ; j@3 83jna3 Cc I3cc 0CcjCN,j N0 8Ra KNϹYЍ; Cj Cc NRj
qCcC$I3Y ?3N,3. j@3 8RaLjCRN R8 KN˥Q Cc @C<@3a 8Ra ,RA03URcCj30
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7C<na3 Еϊ- tAaw $cRaUjCRN N0 tK+/ cU3,ja 8Ra 0C{3a3Nj KNДAu; ,RLURcCA
jCRNc RN baiCQД cn$cjaj3cY i@3 03URcCjCRN j3LU3ajna3 sc ଖଓ଑ ˫ஆY i@3 L3cna3A
L3Nj j3LU3a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c c3j jR ଔ଑଑எ N0 j@3 N<I3 $3js33N uAaw 0Ca3,jCRN N0
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j 3q3N 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KN˥Q j j@3 CNj3a8,3 jR
j@3 $aaC3a a3cnIjc CN  0acA
jC,I 03,a3c3 R8 j@3 iK`
3{3,j 0n3 jR j@3 IRs3a cUCN
URIaCyjCRNY
οЋ +Y iY +@3N 3j IY BN- T@wcCA
,I `3qC3s H3jj3ac ЋχYϺ VϺϮϮχW
οο Y bGnLY BN- DRnaNI
R8 K<N3jCcL N0 K<N3jC,
Kj3aCIc ϺοЋYϺ VϺϮϮοW
οϮ KY ?c3<s N0 BY icn$A
RwY BN- DRnaNI R8 j@3 T@wcC,I
bR,C3jw R8 DUN Йз VϺϮЎχW
Ϯз KY ?c3<s N0 BY icn$A
RwY BN- DRnaNI R8 j@3 T@wcC,I
bR,C3jw R8 DUN Йз VϺϮЎχW
ϮϺ DY rCNj3aICG 3j IY BN- T@wcCA
,I `3qC3s # ЋЋYχ VЙззοW
ϮЙ i@3 CLU,j R8 j@3 8RaA
LjCRN R8 KN˥Q RN j@3
L<N3jC, LRL3Nj sCII $3
0Cc,ncc30 CN j@3 N3uj ,@UA
j3aY
cLUI3cY KRcj ICG3Iw. j@3 @C<@ cna8,3 aRn<@N3cc R8 ,RA03URcCj30
cLUI3c Cc j@3 a3cRN 8Ra j@3 @C<@ 03<a33 R8 RuC0jCRNYοЎ 7Ra
,IaC~,jCRN j@3 tK+/ cU3,ja 8Ra j@3 cL3 ,RLURcCjCRNc a3
c@RsN CN 7C<na3 ЕϊY i@3 tK+/ LUICjn03 ܆ܙ܎ܤ Cc UaRURajCRNI
jR j@3 L<N3jC, LRL3Nj j@j 03U3N0c RN j@3 KN RuC0jCRN cjj3
N0 j@3 ,awcjIIR<aU@C, cjan,jna3Y KN URRa j@CN ~ILc a3q3I 
@C<@3a L<N3jC, LRL3Nj j@NKN aC,@ cLUI3cY 7Ra Rna cLUI3c.
j@3 ܆ܙ܎ܤ qIn3 R8 KNϹYЍ; Cc @C<@3a ,RLUa30 jR KNϹYφ;. s@C,@
CN0C,j3c  @C<@3a 03<a33 R8 RuC0jCRN R8 KN 8Ra j@3 Ijj3aY i@3
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N0
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c
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N0 j@nc j@3 03,a3c3 R8 j@3 L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j@3 03U3N03N,3 R8 j@3 L<N3jC, LRL3Nj RN j@3 cjRC,@CRL3jaw
c@Rsc  03,a3c3 sCj@ CN,a3cCN< KN ,RNj3NjY 7Ra j@Cc a3cRN.
j@3 3uU3,j30 $3@qCRa sc ,RN~aL30Y
i@3 8RaLjCRN R8 CNj3a8,CI KN˥Q Cc  8nN0L3NjI UaR$I3LY
KNQ Cc NjC83aaRL<N3jC, sCj@  Mā3I j3LU3ajna3 R8 ܇܁  -Y
$Rq3 j@Cc j3LU3ajna3 KNQ ,jc ICG3  UaL<N3j sCj@ IRs
cUCN URIaCyjCRNY ?3N,3.  IRs iK` 3{3,j Cc ,@C3q30Y BN j@3
N3uj c3,jCRN j@3 CNc3ajCRN R8 83aaRL<N3jC, Iw3ac $3js33N j@3
KNA; N0 j@3 $aaC3a sCII $3 0Cc,ncc30Y
i@3 +RA73A# CNj3aIw3a
i@3 Ua3qCRncIw L3NjCRN30 8RaLjCRN R8 KN˥Q j j@3 $aaC3a CNA
j3a8,3 @c jR $3 cnUUa3cc30Y BN 8,j. j@3 Icj jRLC, Iw3a $3js33N
3I3,jaR03 N0 $aaC3a Cc a3cURNcC$I3 8Ra j@3 iK` 3{3,jY KRa3 Ua3A
,Cc3Iw. j@3 cUCN URIaCyjCRN R8 j@3 Lj3aCI N3uj jR j@3 $aaC3aY BN
,c3 R8 KNA; j@3 j@3Ra3jC,I cUCN URIaCyjCRN Cc aRnN0 YϮЕ
?Rs3q3a. C8 j@3 KN RuC0Cy3c 0n3 jR j@3 03URcCjCRN R8 K<Q. N NA
jC83aaRL<N3jC, KNQ Iw3a $3IRs - Ra  UaL<N3jC, KNQ
Iw3a $Rq3 j@Cc j3LU3ajna3 Cc N3uj jR j@3 $aaC3aY i@nc. j@3
iK` 3{3,j sCII $3 IRs3a30Y  ,RLLRN jj3LUj jR Rq3a,RL3
j@3 8RaLjCRN R8 KN˥Q Cc j@3 03URcCjCRN R8   PO j@C,G K<
Iw3a $3js33N $RjjRL 3I3,jaR03 N0 $aaC3aYϮϊ ?Rs3q3a. C8 j@3
K< 0R3c NRj 8nIIw RuC0Cy3  Lj3aCI sCj@ IRs cUCN URIaCyjCRN
Cc UI,30 $3js33N $RjjRL 3I3,jaR03 N0 $aaC3aY i@3a38Ra3. 
,RNcC03a$I3 IRs3a iK` 3{3,j sCII $3 ,@C3q30Y Uaj 8aRL j@3
RuC0jCRN Cccn3. j@3 IjjC,3 LCcLj,@ $3js33N j@3 KNA; Iw3a
N0 j@3 K<Q $aaC3a @c jR $3 LCNCLCy30Y i@3 Ij3aI 0CcjRajCRN
0n3 jR j@3 $aaC3a ,RnI0 I30 jR $N0 cjan,jna3 3{3,jc j@j IRs3a
j@3 cUCN URIaCyjCRN Ra ,@N<3 j@3 nNR,,nUC30 cjj3c CN j@3 LCA
NRaCjw cUCN ,@NN3IY  cCLUI3 jj3LUj jRsa0c j@Cc q3Njna3 Cc
j@3 03URcCjCRN R8  83aaRL<N3jC, Iw3a ICG3 +R Ra 73YϮχ ?Rs3q3a.
j@3 cUCN URIaCyjCRN R8 +R N0 73 Cc a3cRN$Iw IRs3a ,RLUa30
jR KNA;Y i30aRs 3j IYϮЎ a3URaj30  cUCN URIaCyjCRN R8 
8Ra +R N0  8Ra 73Y i@3 a3cU3,jCq3 cUCN URIaCyjCRN sc
03j3aLCN30 $w cUCN 03U3N03Nj jnNN3ICN< R8 3I3,jaRNc 8aRL j@3
83aaRL<N3jC, Iw3a CNjR  cnU3a,RN0n,jCN< I Iw3aY /3cUCj3 j@3
cUCN URIaCyjCRN j@3 L<N3jC, RaC3NjjCRN Cc NRj R8 LCNRa CLURaA
jN,3Y BN <3N3aI. j@3 CNj3a8,3 $3js33N 83aaRL<N3jC, Lj3aCIc.
3Y<Y. +R N0 73. N0 @3qw NRNL<N3jC, jaNcCjCRN L3jIc. 3Y<Y.
Tj. T0. N0 n @q3 $33N nc30 jR R$jCN TKYϮЋ 7naj@3aLRa3.
vN< 3j IYϮο a3URaj30  ~acjAUaCN,CUI3 CNq3cjC<jCRN R8 TK CNA
ϊϮ
ϮϮ [Y HY K 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзϺYЕ VЙзϺЙWd
[Y HY K 3j IY BN- DRnaNI R8
UUIC30 T@wcC,c ϺϺϊYϺЎ VЙзϺЕW
Ϻзз [Y HY K 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзϺYЕ VЙзϺЙW
ϺзϺ [Y HY K 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзϺYЕ VЙзϺЙW
ϺзЙ bY BG30 3j IY BN- MA
jna3 Kj3aCIc ϮYϮ VЙзϺзWd ?Y
K3N< 3j IY BN- DRnaNI R8
T@wcC,c /- UUIC30 T@wcC,c
ϊϊYϊз VЙзϺϺW
ϺзЕ N 3u3LUIaw t``
c,N Cc c@RsN $3,nc3 j@3
j@C,GN3cc R8 j@3 +RA73A#
c@RnI0 NRj CNn3N,3 j@3
j@C,GN3cc Ra aRn<@N3cc R8
j@3 KNϹYЍ; j@CN ~ILY
Ϻзϊ HY TaajjY BN- T@wcC,I
`3qC3s ϮχYЙ VϺϮχϊW
0n,30 $w j@3 CNj3a8,3 $3js33N  83aaRL<N3j V+R N0 73W N0
N K<Q $aaC3aY ?Rs3q3a. CN II ,c3c j@3 83aaRL<N3j @c jR
a3q3I  j@C,GN3cc $3IRs  POY i@Cc $3@qCRa Cc U3a83,j 8Ra j@3
UUaR,@ ncCN<  83aaRL<N3jC, Iw3aY BN 8,j. s@3N 03URcCjCN< 
83aaRL<N3j RN  83aaCL<N3j ICG3 ۿ଑ARa03a30 KNA;. j@3 L<A
N3jC, LRL3Njc R8 j@3 83aaRL<N3j IC<N UaII3I jR j@3 L<N3jC,
LRL3Njc R8 j@3 83aaCL<N3jYϮϮ K 3j IYϺзз a3URaj30 N nU,RLCN<
CNAUIN3 L<N3jCyjCRN 0Ca3,jCRN 8Ra  PO j@C,G +R CNj3aIw3acY
i@3 @C<@3cj a3URaj30 iK` 3{3,j sc  j - 8Ra  +R CNA
j3aIw3a j@C,GN3cc R8  POYϺзϺ i@3 cj,G ,RNcCcjc R8 K<Qg+a
V POWgKNϹYЍ; V POWgK< V POWgK<Q V POWg+RA73A#
V POWY i@3 R$jCN30 iK` 3{3,j Cc NRj cn|,C3Nj 8Ra UUIC,A
jCRN CN K`K 03qC,3c. j@nc  N3s CNj3aIw3a Lj3aCI @c jR $3
CNq3cjC<j30Y
 ЁζΞЅϱϩΞΪϣζ ΫϑϱϔΫζ ϔЅ +RA73A#. 0n3 jR j@3 3N,Rna<CN< Un$IC,A
jCRNc $Rnj j@3 TK 8Ra j@CN ~ILc aRnN0  PO. j@3 iK` 3{3,j
V j -W N0 j@3 IRs ,naa3Nj 03NcCjC3c 8Ra bii csCj,@CN<
V  ˥ଗ#EO˥ଓ 8Ra ۴܅  účOWYϺзЙ r3 Ua3Ua30 cLUI3c
sCj@   PO j@C,G KN଒ଗ; ~IL RN baiCQД cn$cjaj3c j  03URA
cCjCRN j3LU3ajna3 R8  ˫%Y QN jRU R8 j@3 KNA;  +Rωе73ωе#Ие
j@CN ~IL sCj@  j@C,GN3cc $3js33N  PO N0  PO sc cUnjj3a
03URcCj30 j aRRL j3LU3ajna3Y II cLUI3c s3a3 ,UU30 $w POK<QY ?3a3 j@3 03URcCjCRN L3j@R0 8Ra j@3 K<Q sc L<A
N3jaRN cUnjj3aCN< Ra 3A$3L 3qURajCRNY t`` L3cna3L3Njc
s3a3 ,aaC30 Rnj jR 03j3aLCN3 j@3 ~IL j@C,GN3cc. aRn<@N3cc N0
03NcCjwY
tAaw a33,jCqCjw L3cna3L3Njc
BN 7C<na3 ЕЎ N 3u3LUIaw t`` c,N R8  cLUI3 sCj@ N  PO
j@C,G +RA73A# Iw3a Cc c@RsNYϺзЕ i@3 UU3aN,3 R8 j@3 0CcjCN,j
Rc,CIIjCRNc Cc  \nICjjCq3 cC<N R8  cLRRj@ cna8,3Y #w ~jjCN<
j@3 t`` c,N qC Taajj I<RaCj@L j@3 ~IL j@C,GN3cc. 03NcCjw
N0 aRn<@N3cc s3a3 03j3aLCN30 V,8Y i$I3 οWYϺзϊ i@3 $RjjRL
KNA; Iw3a c@Rsc  aRn<@N3cc R8 RNIw 
 PO N0  ~IL
j@C,GN3cc R8 aRnN0 
 POY i@3 +RA73A# Iw3a Cc UUaRuCA
Lj3Iw  PO j@C,G3a. s@3a3c j@3 K<Q Iw3a Cc  PO j@CNN3a
j@N j@3 CNj3N030 qIn3cY i@Cc ,RnI0 $3 3qC03N,3 R8 N CNj3aA
LCuCN< R8 $Rj@ Iw3acY 7Ra j@Cc a3cRN. 8naj@3a CNq3cjC<jCRNc
qC jaNcLCccCRN 3I3,jaRN LC,aRc,RUw Vi2KW Ra 2b @q3 jR $3
,aaC30 Rnj jR UaRq3 j@3 CNj3aLCuCN< R8 j@3 3I3L3NjcY i@3 aRn<@A
N3cc qIn3 R8 j@3 +RA73A# Cc 
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aa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N<I3
VззϺW  FGI
VззЙW  FGI
VззЕW  FGI
i$I3 Ϯ- i@3Ra3jC,Iۿ଒ଛAKNA; U3G URcCjCRNc
8Ra ব  ଒ଖକ଒ଚ ିାY
Ϻзχ ?Y MCC0 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ЋϮYο VϺϮϮЎW

 POY i@3a38Ra3. cLRRj@ cna8,3c s3a3 R$jCN30. s@C,@ Cc
CLURajNj 8Ra 8naj@3a CNj3<ajCRN CNjR KiDȕcY
+awcjIIR<aU@C, UaRU3ajC3c
t`/ CNq3cjC<jCRNc s3a3 ,aaC30 Rnj jR q3aC8w j@3 ,awcjIIR<aU@C,
U@c3 R8 j@3KNϹYЍ; j@CN ~ILcY 7C<na3 ЕЋ CIIncjaj3c j@3t`/0j
R$jCN30 8aRL jsR 3u3LUIaw cLUI3c. RN3 sCj@Rnj  +RA73A#
CNj3aIw3a N0 RN3 sCj@   PO +RA73A# CNj3aIw3aY i@3 KNA;
U3G URcCjCRNc V,8Y i$I3 ϮW R8 j@3 cnU3a IjjC,3 VззϺW N0 VззЕW
a33u N0 j@3 8nN0L3NjI VззЙW U3G a3 N3aIw j j@3 cL3
N<I3c 8Ra II +RA73A# ,UUCN< Iw3aY i@3 ܐ IjjC,3 ,RNcjNj sc
,I,nIj30 $w #a<<c Is V,8Y 2\njCRN VϺзWWYi@3 q3a<3 IjjC,3
,RNcjNj Cc ܐ ̛ Ȕ V,8Y 7C<na3 ЕοW N0 ,Raa3cURN0c s3II sCj@
j@3 qIn3 a3URaj30 $w MCC0 3j IYϺзχ R8 Ȕ 8Ra KNϹYЊ;Y i@3
0Cc,a3UN,w Cc $c30 RN j@3 0C{3a3Nj cjRC,@CRL3jawY Uaj 8aRL
j@3 IjjC,3 ,RNcjNj s3 3uLCN30 j@3 8nII sC0j@ j @I8 LuCLnL
V7r?KW R8 j@3 aR,GCN< ,naq3 V঩঩ c,N sCj@ ,RNcjNj ঺ NA
<I3W ,aaC30 Rnj RN j@3 8nN0L3NjI a33uY 7C<na3 ЕϮ c@Rsc j@3
7r?K 03U3N0CN< RN j@3 +RA73A# CNj3aIw3a j@C,GN3ccY N q3aA
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7C<na3 ЕϮ- 7r?K R8 j@3
8nN0L3NjI VззЙW KNϹYЍ;
a33u 03U3N0CN< RN j@3
+RA73A# CNj3aIw3a j@C,GN3ccܑ஠୚ண୐டY
#w jGCN<  ,IRc3a j j@3 VззϺW N0 VззЙW a33u3c. s3 ~N0 j@j
Hn3 Rc,CIIjCRNc a3 qCcC$I3 V,8Y 7C<na3 ϊзWY Hn3 Rc,CIIjCRNc a3
c3NcCjCq3 jR j@3 ,awcjIICN3 0CcRa03a R8 j@CN ~ILc N0 $c30 RN j@3
CNj3a83a3N,3 R8 j@3 0C{a,j30 uAaw 8aRL UaII3I ,awcjI UIN3cY
i@3 j@C,GN3cc R8 j@3 ,awcjIICN3ARa03a30 ~IL ,N $3 ,I,nIj30
$w L3Nc R8 2\njCRN VϮWY #w ,RLUaCN< j@3 R$jCN30 qIn3c
sCj@ j@3 0j 8aRL j@3 t`` L3cna3L3Nj. RN3 a3,R<NCy3c j@j
$Rj@ qIn3c a3 aRnN0  POY i@3 3\nI j@C,GN3cc cn<<3cjc j@j
j@3 cU,3 $3js33N j@3 jsR CNj3a8,3c Cc j@RaRn<@Iw ,awcjIICy30Y
+RL$CN30 sCj@ j@3 a3cnIjc R8 j@3 j3ujna30 Ra03a CNq3cjC<jCRNc. 
U3a83,jIw ,awcjIICN3 j@CN ~IL Cc 8RnN0 8Ra qIn3c R8 aRnN0 Y
iR UaRq3 j@3 ۿ଑ U@c3. URI3 ~<na3 L3cna3L3Njc s3a3 ,aA
aC30 Rnj jR 3uLCN3 j@3 UU3aN,3 R8 j@3 
 a33uY BN 7C<na3 ϊϺ
j@3 URI3 ~<na3 c,N R8  KNϹYЍ; cLUI3 Cc 03UC,j30Y i@3 ঩ NA
<I3 sc ~u30 j  FGIY 7Ra 3,@ jCIj N<I3 ù $3js33N FGI
N0 FGI j@3 cLUI3 sc aRjj30 $w ÷ 8aRL FGI jR FGIY
i@3 c,N c@Rs30 NR qCcC$I3 
 a33u. RNIw 8RRj@CIIc R8  cn$A
cjaj3 a33uY 7Ra j@Cc a3cRN. j@3 ۿ଑ ,awcjI cjan,jna3 @c $33N
UaRq3NY 00CjCRNIIw. j@3 2nI3aCN ,a0I3 ,N $3 nc30 jR CNq3cjCA
<j3 CNAUIN3 a33u3c ICG3 j@3 
 U3GY rCj@ j@3 URcCjCRN R8 j@Cc
a33u j@3 CNAUIN3 IjjC,3 ,RNcjNj ܎ ,N $3 03j3aLCN30Y i@3a38Ra3.
j@3 cLUI3 sCj@ N  PO j@C,G +RA73A# CNj3aIw3a N0  L<A
N3jaRN cUnjj3a30 K<Q Iw3a N0 j@3 cLUI3 sCj@   PO j@C,G
+RA73A# CNj3aIw3a N0 N 3A$3L 3qURaj30 K<Q Iw3a s3a3
nc30Y i@3 
 a33u R8 j@3 cLUI3 sCj@  PO +RA73A# sc
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7C<na3 ϊз- pCcC$I3 H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jCRNc R8 j@3 VW VззϺW N0 V$W VззЙW a33u3c 8Ra  KNϹYЍ; VЙЕ NLWg+RA73A#
VзYο NLWgK<Q VЙYЕ NLW cj,G RN baiCQДY i@3 03URcCjCRN j3LU3ajna3 sc c3j jR ଖଓ଑ ˫ஆY
ϺзЎ ?Y MCC0 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ЋϮYο VϺϮϮЎW
ϺзЋ ?Y MCC0 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ЋϮYο VϺϮϮЎW
cLUI3 sCj@  PO +RA73A# a3q3I30 j@3 
 a33u j  FGIY
i@3a38Ra3. j@3 IjjC,3 ,RNcjNj ܎ Cc  POY BN 00CjCRN. j@3 

U3G sc IcR CNq3cjC<j30Y i@3 URcCjCRN sc 03j3aLCN30 jR $3 FGI N0 j@3 ܎ IjjC,3 ,RNcjNj jR $3 ȔY Qna R$jCN30 qIA
n3c ~j s3II sCj@ j@3 0j a3URaj30 $w MCC0 3j IYϺзЎ i@3 La<CNI
0C{3a3N,3 R8 j@3 a3cnIjc Cc LRcj ICG3Iw $c30 RN j@3 LCcLj,@ $3A
js33N baiCQД N0 KNA;Y i@3 qaCjCRN R8 j@3 ܎ IjjC,3 ,RNcjNj
sCj@ j@3 ,RLURcCjCRN Cc NRj c 0CcjCN,j c 8Ra j@3 ܐ UaL3j3aYϺзЋ
7C<na3 ϊϺ- TRI3 ~<na3 c,N R8  KNϹYЍ; j@CN ~IL RN baiCQД cn$cjaj3Y i@3
~IL j@C,GN3cc sc ଓଔ ିା N0 j@3 cLUI3 sc ,UU30 $w ଓଔ ିାK<QY #3js33N
j@3 KNA; N0 j@3 K<Q. N ଑ଙ ିା j@C,G +Rωе73ωе#Ие Iw3a sc CNc3aj30Y i@3
03URcCjCRN j3LU3ajna3 sc ,@Rc3N jR $3 ଖଓ଑ ˫ஆ 8Ra j@3 KNϹYЍ; Iw3a. s@3a3c
j@3 03URcCjCRN R8 j@3 jsR 00CjCRNI ~ILc jRRG UI,3 j `iY i@3 ~u30 N<I3 Cc c3j
jR j@3 
଑଒଒ U3G URcCjCRN j ଓ঩  ଔଔଗଖ ଵଶସY
χЕ
Ϻзο bY pRcc 3j IY BN- T@wcC,I
`3qC3s # ЋχYϊ VЙззЋW
+@3LC,I N0 L<N3jC, ,@a,j3aCcjC,c
8j3a j@3 ,awcjIIR<aU@C, UaRU3ajC3c @0 $33N NIwy30. s3 CNA
q3cjC<j30 j@3 ,@3LC,I N0 L<N3jC, ,@a,j3aCcjC,cY tAaw $A
cRaUjCRN cU3,jaRc,RUw VtbW Cc j@3 cCLUI3cj NRNA03cjan,jCq3 sw
jR R$jCN CN8RaLjCRN $Rnj j@3 ,@3LC,I cjan,jna3Y 00CjCRNIIw.
j@3 R$jCN30 uAaw L<N3jC, ,Ca,nIa 0C,@aRCcL VtK+/W UaRqC03c
CNcC<@j CNjR j@3 3I3L3NjAcU3,C~, L<N3jC, LRL3NjY 7C<na3 ϊЙ
CIIncjaj3c j@3 KNAt cU3,ja R8 Rna cLUI3c sCj@ 0C{3a3Nj CNj3aA
Iw3a j@C,GN3cc3cY BN 00CjCRN. j@3 cU3,janL R8 N CNj3NjCRNIIw
RuC0Cy30 KN j@CN ~IL sc 0030 8Ra ,RLUaCcRNY QN j@3 ۿଔ c
s3II c RN j@3 ۿଓ a3cRNN,3  LnIjCUI3j cjan,jna3 Cc qCcC$I3. URCNjA
CN< jR j@3 8RaLjCRN R8 KNϹQϹY iGCN<  ,IRc3a IRRG j j@3 Rj@3a
KN cU3,ja. s3 ~N0 j@j  cIC<@j c@RnI03a VCN0C,j30 $w  0c@30
ICN3W j N 3N3a<w $Rq3 j@j R8 j@3 ۿଔ a3cRNN,3 Cc Ua3c3Nj 8Ra
cLUI3c sCj@ N +RA73A# CNj3aIw3a j@C,GN3cc $3IRs  POY i@3
$cRaUjCRN cU3,ja a3 NRj 0CcjCN,j 3NRn<@ jR 0CcjCN<nCc@ $3js33N
KNQ. KNQИ. N0 KNИQДYϺзο ?Rs3q3a. 8Ra +RA73A# j@C,GN3cc3c
8aRL  PO jR  PO j@3 KN cU3,ja ~j CN s3II sCj@ j@Rc3 R8 KN
CN j@3 L3jIIC, cjj3Y iR CNq3cjC<j3 j@3 CNn3N,3 R8 j@3 03URA
cCjCRN L3j@R0 R8 j@3 K<Q $aaC3a RN j@3 8RaLjCRN R8 KN˥Q.
jsR cLUI3c sCj@ N 3A$3L 3qURaj30 K<Q $aaC3a s3a3 Ua3A
Ua30Y i@3 03URcCjCRN L3j@R0 R8 j@3 KNA; a3LCN30 j@3 cL3Y
QN3 R8 j@3 cLUI3c sc Ua3Ua30 sCj@Rnj  +RA73A# CNj3aIw3a
N0 j@3 Rj@3a RN3 sCj@  PO +RA73A#Y QN jRU   PO j@C,G
K<Q Iw3a sc 3A$3L 3qURaj30 jR Ua3q3Nj j@3 cj,G 8aRL
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ICy30 KNAt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 j@CN
~ILc sCj@  +RA73A# CNj3aIw3a sCj@ qaCRnc j@C,GN3cc3c RN baiCQД cn$cjaj3cY
i@3 K<Q ,UUCN< sc cUnjj3a 03URcCj30 j aRRL j3LU3ajna3Y i@3 cLUI3c s3a3
L3cna30 j #H ЎYЕYϺ j aRRL j3LU3ajna3Y
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7C<na3 ϊЕ- MRaLICy30 KNAtb VURcj30<3 EnLU @3C<@j ন  ଒W R8 KNϹYЍ; j@CN
~ILc sCj@Rnj N0 sCj@  ଒ ିା +RA73A# CNj3aIw3a RN baiCQД cn$cjaj3cY i@3 K<Q
,UUCN< sc Ua3Ua30 $w 3A$3L 03URcCjCRN j aRRL j3LU3ajna3Y i@3 cLUI3c
s3a3 L3cna30 j #H ЎYЕYϺ j aRRL j3LU3ajna3Y
RuC0CyCN<Y i@3 a3cnIjCN< KNAt cU3,ja R8 $Rj@ cLUI3c a3 CIA
Incjaj30 CN 7C<na3 ϊЕY +IRc3a CNcU3,jCRN a3q3Ic j@3 $c3N,3 R8
Nw 3qC03N,3 8Ra KN˥QY i@3a38Ra3. j@3 03URcCjCRN L3j@R0 R8 j@3
$aaC3a Cc N 3cc3NjCI 8,jRa 8Ra j@3 8RaLjCRN R8 KN˥QY bUnjj3a
03URcCjCRN Cc ,RLUa30 jR j@3 3A$3L 03URcCjCRN.  @C<@Iw 3N3aA
<3jC, UaR,3cc j@j ccCcjc RuC0jCRN R8 KN 0n3 jR UIcL 0L<3Y
#3cC03c j@3 t cU3,ja. s3 ,aaC30 Rnj tK+/ L3cna3L3NjcY
7C<na3 ϊϊ c@Rsc j@3 tK+/ cC<NI NRaLICy30 jR j@3 URcj30<3
EnLU @3C<@j VCY3Y. ন  W. s@C,@ CN,a3c3c sCj@ CN,a3cCN< +RA73A#
j@C,GN3ccY i@3 tK+/ 0j ,,Ra0 sCj@ j@3 tb L3cna3L3Njc
N0 c@Rs j@j j@3 CNj3a8,CI L<N3jC, KN LRL3Nj CN,a3c3c
sCj@ CN,a3cCN< +RA73A# j@C,GN3ccY NRj@3a CNj3a3cjCN< Rnj,RL3
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7C<na3 ϊχ- KuCLnL tK+/ cC<NI ܆ܙ܎ܤ 03U3N0CN< RN j@3 +RA73A# j@C,GN3cc 8Ra
cLUI3c sCj@ 3A$3L 3qURaj30 V<a33NW N0 L<N3jaRN cUnjj3a30 V$In3W K<Q
,UUCN< RN baiCQД cn$cjaj3cY
Cc UaRR8 j@j j@3 KN jRLc RN $Rj@ cn$IjjC,3c a3,j sCj@ j@3 QИ.
Rj@3asCc3 j@3 L<N3jC, LRL3Nj sRnI0 CN,a3c3 0n3 jR  IRs3a
,RLU3NcjCRN R8 $Rj@ KN L<N3jC, LRL3NjcY i@3 tK+/ LUICA
jn03c RN j@3 KNAۿଔଓA30<3c ,Raa3cURN0c jR j@3 L<N3jC, LRL3Nj
R8 KNY i@3 a3cnIjCN< jRjI L<N3jC, LRL3Nj 8Ra KN VcnL R8
j@3 Ra$CjI N0 cUCN L<N3jC, LRL3NjW c@Rsc j@3 cL3 \nICA
jjCq3 $3@qCRa c j@3 LuCLnL CNj3NcCjw ܆ܙ܎ܤY i@3 ܙܠܛܠ 8aRL
j@Cc 3qInjCRN a3cnIjc CNܙܠܛܠஐି  
 čஅ 8Ra. 3Y<Y. ܑஆୀஉଶஅ  POY
i@nc.ܙܠܛܠஐି Cc R$jCN$I3 8aRL j@3LuCLnLtK+/ cC<NI ܆ܙ܎ܤ $wܙܠܛܠஐି  ܆ܙ܎ܤ Θ 

 čஅY 7C<na3 ϊχ CIIncjaj3c ܆ܙ܎ܤ 03U3N0CN< RN
j@3 +RA73A# j@C,GN3ccY i@3 cC<NI 8Ra cLUI3c sCj@ 3A$3L 3qUA
Raj30 K<Q Cc @C<@3a 8Ra $Rj@ +RA73A# j@C,GN3cc3c ,RLUa30
jR cLUI3c sCj@ L<N3jaRN cUnjj3a30 K<QY i@nc. 3q3N C8 j@3
t cU3,ja c@Rs NR qCcC$I3 3qC03N,3 R8 KN˥Q j@3a3 Cc cjCII 
0C{3a3N,3 CN j@3 tK+/ cC<NIcY NRj@3a ,@a,j3aCcjC, ,N $3
03j3aLCN30 qC tK+/. j@3 IC<NL3Nj R8 j@3 a3cU3,jCq3 L<N3jC,
LRL3Njc R8 +R. 73. N0 KNY i@3 tK+/ cC<NI Cc j@3 0C{3a3N,3
$3js33N 3u,Cj30 cUCNAnU N0 cUCNA0RsN 3I3,jaRNcY #w ,RLUaCN<
j@3 cC<N R8 j@3 ۿଔ cC<NI 8Ra +R. 73. N0 KN j@3 IC<NL3Nj ,RnI0
$3 R$jCN30Y r3 03j3aLCN30  UaII3I IC<NL3Nj R8 j@3 +RA73A#
N0 KNϹYЍ; L<N3jC, LRL3Njc VNRj c@RsNWY
2I3L3NjAcU3,C~, @wcj3a3cCc IRRUc s3a3 ,aaC30 Rnj jR CNq3cjCA
<j3 j@3 L<N3jC, UaRU3ajC3c R8 j@3 KNϹYЍ; N0 +RA73A# Iw3aY
i@3a38Ra3. j@3 $3LICN3 3N3a<w sc c3j RN j@3 ۿଔA30<3 R8 j@3
a3cU3,jCq3 3I3L3NjY i@3 RaC3NjjCRN R8 j@3 cLUI3 CN a3IjCRN jR
j@3 L<N3jC, ~3I0 sc FGI N0 FGI jR R$jCN N CNAUIN3
N0 RnjAR8AUIN3 ,RN~<najCRNY 7C<na3 ϊЎ VW ,RLUa3c j@3 KN
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7C<na3 ϊЎ- 2I3L3NjAcU3,C~, 8nII @wcj3a3cCc IRRUc R8 KN V$In3W 8Ra  cLUI3 sCj@ V$RI0W N0 sCj@Rnj V0c@30W ଒ ିା
+RA73A# CNj3aIw3a 8Ra N W RnjAR8AUIN3 ,RN~<najCRN N0 $W CNAUIN3 ,RN~<najCRN Vଔ଑ଵଶସ <ayCN< CN,C03N,3WY
00CjCRNIIw.  +R Va30W @wcj3a3cCc 8Ra $Rj@ ~3I0 ,RN~<najCRNc Cc 0030 jR 03j3aLCN3 j@3 L<N3jCyjCRN 0Ca3,jCRN R8
j@3 +RA73A# Iw3aY
ϺзϮ iY Fn$Rj 3j IY BN- UA
UIC30 T@wcC,c 2uUa3cc χYϊ
VЙзϺЙW
ϺϺз +Y +Y icC 3j IY BN- B222
iaNc,jCRNc RN K<N3jC,c
χзYϺ VЙзϺϊW
@wcj3a3cCc IRRU R8  cLUI3 sCj@   PO N0 sCj@Rnj  +RA73A#
CNj3aIw3a RN j@3 RN3 @N0 N0 j@3 +R @wcj3a3cCc 8Ra RnjAR8AUIN3
,RN~<najCRN RN j@3 Rj@3a @N0Y i@3 cLUI3 sCj@Rnj  +RA73A#
Iw3a a3q3Ic  @C<@3a ,R3a,Cq3 ~3I0 j@N j@3 cLUI3 sCj@ +RA73A#Y
i@Cc $3@qCRa sc Ia30w a3URaj30 $w Fn$Rj 3j IYϺзϮ i@3w cn<A
<3cj j@j j@3 cR8jAL<N3jC, ,@a,j3a R8 j@3 +RA73A# IRs3ac j@3
,R3a,CqCjw R8 j@3 KNA; Iw3aY i@3 CNj3a3cjCN< a3cnIj Cc j@j j@3
KNA; N0 j@3 +RA73A# Iw3ac a3q3I j@3 cL3 ,R3a,Cq3 ~3I0Y i@3
Lj,@CN< ,R3a,CqCjw URCNjc jR  L<N3jC, UCNNCN< R8 j@3 +RA73A#
Iw3a RN j@3KNA; Iw3aY iR CNq3cjC<j3 j@Cc UaRU3ajwLRa3 ,I3aIw.
@wcj3a3cCc IRRUc s3a3 ,aaC30 Rnj 8Ra  FGI <ayCN< CN,C03N,3
,RN~<najCRNY 7C<na3 ϊЎ V$W CIIncjaj3c j@3 ,Raa3cURN0CN< @wcA
j3a3cCc IRRUcY i@3 ,R3a,Cq3 ~3I0 R8 j@3 +R N0 KN cjCII c@Rs j@3
cL3 qIn3. cn<<3cjCN<  UCNNCN< 3q3N 8Ra <ayCN< CN,C03N,3Y Bj
Cc NRj3sRaj@w j@j   PO +Rωе73ωе#Ие j@CN ~IL ncnIIw a3\nCa3c
 URcjANN3ICN< UaR,3cc jR R$jCN  TKY i@nc. j@3 03URcCjCRN
R8 +RA73A# RN  @a0AL<N3jC, 83aaCL<N3jC, Iw3a CN,a3c3c j@3
,R3a,CqCjw N0 LG3c  URcjANN3ICN< UaR,3cc nNN3,3ccawY BN
00CjCRN. icC 3j IYϺϺз a3URaj30  cnU3aUaL<N3jC, cjj3 8Ra PO j@C,G +RA73A# j@CN ~ILc j `iY #w j@3 UCNNCN< 3{3,j j@3 cnA
U3aUaL<N3jC, cjj3 j `i ,RnI0 $3 qRC030Y i@3 Rj@3a cLUI3c
sCj@ 0C{3a3Nj +RA73A# j@C,GN3cc3c c@Rs j@3 cL3 ,Raa3IjCRN
R8 j@3 +R N0 KN ,R3a,Cq3 ~3I0cY BN 7C<na3 ϊЋ j@3 RnjAR8AUIN3
,R3a,Cq3 ~3I0c R8 j@3 +RA73A# N0 KNϹYЍ; Iw3a a3 c@RsN 03A
U3N0CN< RN j@3 +RA73A# j@C,GN3ccY i@3 +R @wcj3a3cCc IRRU R8 
cLUI3 sCj@   PO +RA73A# j@CN ~IL sc NRj 03j3,j$I3 0n3 jR
j@3 cLII LRnNj R8 +RA73A# CN j@3c3 cLUI3cY 7Ra N CNj3aIw3a
χЋ
0.30
0.25
0.20
0.15
0.10
co
er
ci
vi
ty
 (T
)
2.01.51.00.50.0
CoFeB thickness (nm)
sputtered MgO:      Mn  Co 
evaporated MgO:   Mn  Co
7C<na3 ϊЋ- `3IjCRN $3js33N j@3KN V$In3W N0+R Va30W ,R3a,Cq3 ~3I0c 8Ra 0C{3a3Nj
+RA73A# CNj3aIw3a j@C,GN3cc3c CN KNϹYЍ;g+RA73A#gK<Q cj,G RN baiCQДY i@3
RaC3NjjCRN R8 j@3 L<N3jC, ~3I0 sc U3aU3N0C,nIa jR j@3 ~IL UIN3Y
ϺϺϺ KY DnIICěa3Y BN- T@wcC,c
H3jj3ac  χϊYЕ VϺϮЋχW
j@C,GN3cc 8aRL  PO jR  PO  +R @wcj3a3cCc sc R$jCN30. $nj
j@3 ,R3a,CqCjw 0C{3ac cIC<@jIw. sCj@CN j@3 3aaRac. 8aRL j@j c@RsN
$w j@3 KN @wcj3a3cCcY ?Rs3q3a. cLUI3c sCj@  PO N0  PO
+RA73A# CNj3aIw3a j@C,GN3cc c@Rs j@3 cL3 ,R3a,CqCjw 8RaKN N0
+RY i@3a38Ra3. nU jR  +RA73A# j@C,GN3cc R8  PO j@3 L<N3jC,
LRL3Njc R8 j@3 CNj3aIw3a a3 UaII3IAIC<N30 jR j@3 KNA; $RjA
jRL Iw3aY i@3 U3aU3N0C,nIa IC<NL3Nj R8 j@3 +RA73A# CNj3aIw3a
RaC<CNj3c 8aRL j@a33 3{3,jc- j@3 cjaw ~3I0 R8 j@3 KNA; ~IL.
j@3 3u,@N<3 ,RnUICN< j j@3 CNj3a8,3. N0 j@3 U3aU3N0C,nIa
L<N3jC, NCcRjaRUw R8 j@3 +RA73A# j@CN ~ILY i@3 CNn3N,3 R8 3uA
,@N<3 ,RnUICN< N0 j@3 TK 03,a3c3 sCj@ CN,a3cCN< +RA73A#
j@C,GN3cc. s@3a3c j@3 cjaw ~3I0 Cc UaRURajCRNI jR j@3 ~IL j@C,GA
N3ccY BN  Nnjc@3II. j@3 cnUUa3cc30 RuC0jCRN R8 j@3 KNA; Iw3a
N0 j@3 UCNNCN< 3{3,j R8 j@3 +RA73A# Iw3a a3 UaRLCcCN< UaRU3aA
jC3c 8Ra 8naj@3a CNj3<ajCRN CNjR KiDȕcY
iaNcURaj UaRU3ajC3c
c Ia30w L3NjCRN30 CN j@3 CNjaR0n,jCRN. j@3 iK` 3{3,j sc
0Cc,Rq3a30 CN ϺϮЋχ $w DnIICěa3ϺϺϺ CN 73g;3g+R jnNN3I EnN,jCRNc.
s@3a3 j@3 $aaC3a Cc c3LC,RN0n,jCN< ;3Y #w UUIwCN<  qRIj<3
jR N KiD. j@3 3I3,jaRNc jnNN3I j@aRn<@ j@3 $aaC3a 8aRL RN3
3I3,jaR03 CNjR j@3 Rj@3aY i@3 a3cCcjN,3 R8 j@3 cj,G 03U3N0c RN
j@3 IC<NL3Nj R8 j@3 3I3,jaR03. 8Ra  UaII3I RaC3NjjCRN  IRs
a3cCcjN,3 Cc 8RnN0 N0 8Ra N NjCUaII3I RaC3NjjCRN j@3a3 Cc
@C<@ a3cCcjN,3Y i@3 ,RLLRNIw GNRsN a3IjCRN 8Ra j@3 3{3,j
χο
ϺϺЙ i@3 LERaCjw 3I3,jaRN
Cc 03~N30 c j@3 3I3,jaRN
sCj@ cUCN 0Ca3,jCRN UaII3IA
IC<N30 jR j@3 3uj3aNI L<A
N3jC, ~3I0. s@C,@ Cc Ia<3
3NRn<@ jR 8nIIw cjnaj3 j@3
cLUI3Y
Lj3aCI URIaCyjCRN
+R 
73 
MC 
KNДAu; 
i$I3 Ϻз- 2uU3aCL3NjIIw R$A
jCN30 UCN URIaCyjCRN R8 j@3
jaNcCjCRN L3jIc CN ,RLUaCA
cRN jR j@3 j@3Ra3jC,IIw Ua3A
0C,j30 cUCN URIaCyjCRN R8
j@3 KNДAu; ,RLURnN0YϺϺЕ
ϺϺЕ TY KY i30aRs N0 `Y
K3c3aq3wY BN- T@wcC,I `3A
qC3s # ЋYϺ VϺϮЋЕWd #Y #IG3 3j
IY BN- UUIC30 T@wcC,c H3jj3ac
ϮзYϺχ VЙззЋW
ϺϺϊ DY bY KRR03a 3j IY BN-
T@wcC,I `3qC3s H3jj3ac ЋϊYϺЎ
VϺϮϮχW
ϺϺχ bY bY TY TaGCN 3j IY BN-
Mjna3 Kj3aCIc ЕYϺЙ VЙззϊW
7C<na3 ϊο- bG3j,@ R8 j@3 jnNA
N3ICN< 3{3,j CN LRaU@Rnc
VI38jW N0 ,awcjIICN3 VaC<@jW
$aaC3acYϺϺЎ
ϺϺЎ bY vnc N0 /Y /Y
/EwUasCaY BN- DRnaNI
R8 T@wcC,c /- UUIC30 T@wcC,c
ϊзYЙϺ VЙззЋW
ϺϺЋ DY +Y bIRN,y3scGCY BN-
T@wcC,I `3qC3s # ЕϮYϺз
VϺϮοϮW
LUICjn03 Cc 6/4  æ܅܅ɤɤ  ܅ɤɦ ˥ ܅ɤɤ܅ɤɤ  VЕϮW
i@3 83aaRL<N3jC, 3I3,jaR03c V73 N0 +RW j@j DnIICěa3 nc30 a3q3I
 0C{3a3N,3 CN j@3 NnL$3a R8 LERaCjw VcUCNAnUW N0 LCNRaCjw
VcUCNA0RsNW 3I3,jaRNc j j@3 73aLC 3N3a<wYϺϺЙ i@3a38Ra3. j@3c3LA
j3aCIc N0 IcR MC a3 cUCNAURIaCy30 V,8Y i$I3 ϺзWY i@3 0C{3a3N,3
CN j@3 /Qb CN $Rj@ cUCN ,@NN3Ic Cc $c30 RN 3u,@N<3 CNj3a,jCRNY
7Ra UaII3I IC<NL3Nj R8 j@3 3I3,jaR03c. LRa3 LERaCjw 3I3,jaRNc
jnNN3I 8aRL RN3 3I3,jaR03 CNjR j@3 8a33 cjj3c R8 j@3 ,RnNj3a 3I3,A
jaR03Y i@3 ,RNjaC$njCRN R8 j@3 LCNRaCjw 3I3,jaRNc Cc IRs3aY BN j@3
NjCUaII3I IC<NL3Nj. j@3 LRnNj R8 8a33 cjj3c CN j@3 ,RnNj3a
3I3,jaR03 Cc IRs3a. j@nc j@3 ,naa3Nj R8 j@3 LERaCjw N0 LCNRaA
Cjw 3I3,jaRNc Cc IRs3a j@N CN j@3 UaII3I cjj3Y i@3 iK` 3{3,j
03U3N0c RN j@3 cUCN URIaCyjCRN j@j Cc <Cq3N $w
ܜ  ۷ɤ
۸۹ ˥ ۷ɦ
۸۹۷ɤ
۸۹  ۷ɦ
۸۹ VϊзW
sCj@ ۷ɤɦ
۸۹ j@3 LERaCjwgLCNRaCjw /Qb j j@3 73aLC 3N3a<wY
i@3 jnNN3I ,naa3Nj Cc UaRURajCRNI jR j@3 UaR0n,j R8 ۷଒
۸۹ N0۷ଓ
۸۹. j@3 /Qb R8 3I3,jaR03c  N0 Y i@3 ,naa3Nj 8Ra j@3 UaII3I
N0 NjCUaII3I cjj3c a3 <Cq3N $wۼɤɤ  ۷଒ɤ
۸۹۷ଓɤ
۸۹  ۷଒ɦ
۸۹۷ଓɦ
۸۹ N0 VϊϺWۼɤɦ  ۷଒ɤ
۸۹۷ଓɦ
۸۹  ۷଒ɦ
۸۹۷ଓɤ
۸۹ VϊЙW
rCj@ 2\njCRN VЕϮW s3 8RnN0 j@3 a3IjCRN $3js33N j@3 iK` 3{3,j
N0 j@3 cUCN URIaCyjCRN
6/4  ܅ɤɦ ˥ ܅ɤɤ܅ɤɤ  ۼɤɦ ˥ ۼɤɤۼɤɤ  ܜ଒ܜଓ ˥ ܜ଒ܜଓ  VϊЕW
bCN,3 j@3 ~acj R$c3aqjCRN Cj jRRG  [GCTUKRR03a 3j IYϺϺϊ sc
$I3 jR a3UaR0n,3 j@3 a3cnIjc CN +R73gIИQДg+R jnNN3I EnN,jCRNcY
BN Йззϊ. TaGCN 3j IYϺϺχ a3URaj30  <CNj iK` 3{3,j 8Ra cLUI3c
sCj@ K<Q $aaC3acY i@3 a3cRN 8Ra j@3 @C<@3a iK` 3{3,j CN K<Q
$c30 KiDȕc Cc j@3 ,R@3a3Nj jnNN3ICN< UaR,3cc V,8Y 7C<na3c ϊο N0
ϊϮWY H3j nc ~acj ,RNcC03a N LRaU@Rnc $aaC3a ICG3 IИQД. @3a3
3q3aw 3I3,jaRNC, cjj3 V#IR,@ cjj3W c@Rsc 3\nI jnNN3I UaR$$CICjw
V,8Y 7C<na3 ϊοWY i@Cc ,c3 Cc ,II30 CN,R@3a3Nj jnNN3ICN< UaR,3cc
N0 sc ccnL30 $w bIRN,y3scGCϺϺЋY 7Ra  ,awcjIICN3 $aaC3a.
3Y<Y VззϺW K<Q. j@3 jnNN3ICN< UaR,3cc $3@q3c 0C{3a3NjIwY i@3
,awcjIICN3 ܏ܐܐ Ra03a R8 j@3 K<Q Cc ,@C3q30 s@3N Cj Cc 03URcCj30
χϮ
7C<na3 ϊϮ- VW +RnUICN< R8 sq3 8nN,jCRNc $3js33N j@3 #IR,@ cjj3c CN 73 N0
j@3 3qN3c,3Nj cjj3c CN K<Q 8Ra j@3 ܗ˸  ଑ 0Ca3,jCRNY V$W inNN3ICN< /Qb R8
LERaCjwAcUCN cjj3c 8Ra ܗ˸  ଑ CN 73 VззϺWg K<Q VззϺW VଙஐஏWg 73 VззϺW sCj@
UaII3I L<N3jC, cjj3YϺϺο
ϺϺο bY vnc N0 /Y /Y
/EwUasCaY BN- DRnaNI
R8 T@wcC,c /- UUIC30 T@wcC,c
ϊзYЙϺ VЙззЋW
ϺϺϮ bY vnc N0 /Y /Y
/EwUasCaY BN- DRnaNI
R8 T@wcC,c /- UUIC30 T@wcC,c
ϊзYЙϺ VЙззЋW
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7C<na3 χз- iK` cj,G sCj@
KNϹYφ; $RjjRL 3I3,jaR03
N0 +RgTj LnIjCIw3a
,RnNj3a 3I3,jaR03Y
RN 73 Ra Rj@3a 83aaRL<N3jC, Lj3aCIc sCj@ IRs IjjC,3 LCcLj,@Y
Bj @c jR $3 NRj30 j@j j@3 IjjC,3 LCcLj,@ $3js33N K<Q N0
KNA$c30 ?3ncI3a ,RLURnN0c Cc aRnN0 Cc $Rq3 Y 7Ra 
,awcjIICN3 $aaC3a j@3a3 a3 j@a33 GCN0c R8 3qN3c,3Nj cjj3c CN
j@3 $N0 <U. æ଒. æଖ. N0 æଓYϺϺϮ B8 j@3 cwLL3jaw R8 j@3 sq3
8nN,jCRNc Cc ,RNc3aq30 0naCN< jnNN3ICN<. j@3 æ଒ #IR,@ cjj3c R8
j@3 73 ,RnUI3 sCj@ j@3 3qN3c,3Nj æ଒ cjj3c R8 j@3 K<QY i@3
IRN<3cj 03,w I3N<j@ CN j@3 UaII3I cjj3 R8 j@3 3I3,jaR03c a3q3Ic
j@3 æ଒ 3qN3c,3Nj cjj3 N0 Cj Cc j@3 0RLCNNj cUCN ,@NN3IY /n3
jR j@3 @C<@3a cUCN URIaCyjCRN R8 j@3 æ଒ 3I3,jaRNc  @C<@3a iK`
3{3,j ,N $3 ccnL30Y Bj c@RnI0 $3 NRj30 j@j j@Cc Cc IcR qIC0 8Ra܏ܐܐ 83aaRL<N3jc. ܏ܐܐ 73A+R. ܏ܐܐ +RA73A# N0 cRL3 R8 j@3 ?3ncI3a
,RLURnN0cY ?Rs3q3a.  ~NCj3 jnNN3ICN< ,naa3Nj Cc IcR Ua3c3Nj
CN j@3 NjCUaII3I cjj3 R8 j@3 3I3,jaR03c. $nj j@3 ,RN0n,jN,3
Cc Ln,@ IRs3a ,RLUa30 jR j@3 UaII3I cjj3Y i@Cc jnNN3ICN<
UaR,3cc Cc ,II30 ,R@3a3Nj V,8Y 7C<na3 ϊοWY i@3 ,R@3a3Nj jnNN3ICN<
UaR,3cc Cc q3aw c3NcCjCq3 jR j@3 cjan,jna3 j j@3 $aaC3a CNj3a8,3Y
2q3N  LRNRIw3a VKHW R8 RuC0Cy30 3I3,jaR03 Lj3aCI I30c jR
CN3{3,jCq3Iw ,RnUICN< R8 j@3 æ଒ cjj3c N0 j@nc a30n,3c j@3 iK`
3{3,j 0acjC,IIwY
iϱ ϔϩЦζЅАϔόΞАζ Аϑζ АЁΞϩЅϿϱЁА ϿЁϱϿζЁАϔζЅ R8 j@3 KNДAu; ?3ncI3a
,RLURnN0. s3 Ua3Ua30 KNϹYφ; V POWg +Rωе73ωе#Ие V POWg
K<Q V POWg+Rωе73ωе#Ие V POWg ]%Q2V_଒଑ V POWg ,RN0n,A
jCRN Iw3a V POW KiDȕc RN baiCQД V,8Y 7C<na3 χзWY i@3 03URcCjCRN
j3LU3ajna3 R8 j@3 KNϹYφ; sc  ˫%. s@3a3c j@3 Rj@3a Iw3ac
s3a3 8$aC,j30 j `iY i@3 jnNN3I EnN,jCRNc s3a3 Ua3Ua30 $w
mpAICj@R<aU@w N0 aZ $3L 3j,@CN<Y i@3 3I3L3Nj cCy3c s3a3
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7C<na3 χϺ- VW iK` 3{3,j j ଒ଖஎ R8  KNϹYφ;g+RA73A#gK<Qg+RA73A#g]ஆୀஓ୅_ଜଛ jnNN3I EnN,jCRN RN baiCQД 8Ra CNA
UIN3 V<a33NW N0 RnjAR8AUIN3 V$In3W ,RN~<najCRNY V$W iK` Rq3a j3LU3ajna3 8Ra CNAUIN3 V<a33NW N0 RnjAR8AUIN3
V$In3W ,RN~<najCRNY
ϺЙз xY Fn<I3a 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ϺϺϺYЋ VЙзϺЙW
ϺЙϺ xY Fn<I3a 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ϺϺϺYЋ VЙзϺЙW
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7C<na3 χЙ- QnjAR8AUIN3 @wcA
j3a3cCc IRRUc R8  KNϹYφ;
j@CN ~ILRNK<Q V<a33NW N0
baiCQД V$In3W cn$cjaj3Y
čOଓ. čOଓ N0 čOଓY i@3c3 cjan,jna3c s3a3 ,UU30
$w i V POWgn V POW ,RNj,j U0c jR 3N$I3 ,RNj,jCN< qC
n $RN0 sCa3cY II L3cna3L3Njc s3a3 ,aaC30 Rnj ncCN<  ,RNA
q3NjCRNI jsR UaR$3 j3,@NC\n3 CN  ,IRc30A,w,I3 @3ICnL ,awRcjj
VQu8Ra0 +awR0aCq3 ϺYχW sCj@  j3LU3ajna3 aN<3 8aRL - jR-Y
i@3 cCLUI3 <aRsj@ ,RN0CjCRNc 8Ra +RgTj LnIjCIw3ac a3 j@3
a3cRN s@w Cj sc ,@Rc3N c ,RnNj3a 3I3,jaR03Y Fn<I3a 3j IYϺЙз
a3URaj30  U3aU3N0C,nIaIw L<N3jCy30 +RgTj LnIjCIw3ac RN 
i c330 Iw3a RN bCQИ cn$cjaj3cY BN 00CjCRN. j@3w a3URaj30 j@3
cn,,3cc8nI cwNj@3cCc R8  +RgTj LnIjCIw3a ,RnNj3a 3I3,jaR03 CN
0Ca3,j ,RNj,j sCj@ j@3 K<Q $aaC3aY
iaNcURajL3cna3L3Njc RNIw 3u@C$Cj30  iK`3{3,j 8RaKiDȕc
sCj@ N a3 R8 čOଓ RN baiCQД cn$cjaj3Y 7C<na3 χϺ VW CIIncA
jaj3c j@3 CNAUIN3 N0 RnjAR8AUIN3 iK` 3{3,j j - N0 7C<A
na3 χϺ V$W j@3 j3LU3ajna3 03U3N03N,3 R8 j@3 iK` 3{3,jY i@3
CNAUIN3 iK` 3{3,j j - Cc $Rnj  N0 @C<@3a j@N j@3
RnjAR8AUIN3 3{3,j sCj@ Y  ,IRc3a IRRG j j@3 RnjAR8AUIN3
L3cna3L3Njc cn<<3cjc j@j j@3 @a0 3I3,jaR03 @c N CNAUIN3
,RLURN3NjY i@Cc cn<<3cjCRN Cc $c30 RN j@3 ICN3a 03,a3c3 sCj@
CN,a3cCN< 3uj3aNI L<N3jC, ~3I0Y +RLUaCN< j@3 @wcj3a3cCc R8 
UICN KNϹYφ; j@CN ~IL V,8Y 7C<na3 ЙЋ RN U<3 ϊϺW N0 j@3 a3cnIjc
R8 Fn<I3a 3j IYϺЙϺ 8Ra +RgTj LnIjCIw3ac. j@3 $RjjRL 3I3,jaR03 Cc
j@3 @a0 3I3,jaR03 N0 j@3 jRU 3I3,jaR03 j@3 cR8j 3I3,jaR03Y i@j
sw j@3 KNϹYφ; Iw3a sRnI0 3u@C$Cj N CNAUIN3 ,RLURN3NjY
?Rs3q3a. Ua3qCRnc L3cna3L3Njc c@Rs30 NR 3qC03N,3 8Ra N CNA
UIN3 ,RLURN3NjY 7Ra j@Cc a3cRN. s3 <CN Ua3Ua30  UICN j@CN
~IL R8 KNϹYφ; RN N K<Q N0  baiCQД cn$cjaj3Y i@3 ,Raa3A
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7C<na3 χЕ- 2I3L3NjAcU3,C~,
+R @wcj3a3cCc IRRU R8  L<A
N3jC, jnNN3I EnN,jCRN sCj@
+RgTj ,RnNj3a 3I3,jaR03 RN
K<QY
ϺЙЙ Bj @c jR $3 NRj30 j@j
j@3 cj,G cjan,jna3 sc \nCj3
0C{3a3Nj sCj@ a3<a0 jR j@3
$RjjRL 3I3,jaR03Y ?Rs3q3a.
j@3 $RjjRL 3I3,jaR03 c@RnI0
NRj {3,j j@3 jRU 3I3,jaR03Y
ϺЙЕ bY BG30 3j IY BN- Mjna3
Kj3aCIc ϮYϮ VЙзϺзW
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3
7C<na3 χϊ- iK` cj,G sCj@
KNϹYφ; $RjjRL 3I3,jaR03
N0 ଒ଓ ିା +RA73A# ,RnNj3a
3I3,jaR03Y
ϺЙϊ /n3 jR j@3 8naj@3a NA
N3ICN< UaR,3cc. j@3 Ua3UaA
jCRN UaR,3cc sc NRj a3IIw
cCLUIC~30Y #nj j@3 URcCA
jCq3 cU3,jc Rq3a,RL3 j@3
N3<jCq3 cU3,jcY
cURN0CN< @wcj3a3cCc IRRUc a3 03UC,j30 CN 7C<na3 χЙY i@3 3uj3aNI
L<N3jC, ~3I0 sc UUIC30 U3aU3N0C,nIa jR j@3 cLUI3 cna8,3Y
bLUI3c Ua3Ua30 RNK<QN0 baiCQД a3q3I30  cLII ,R3a,CqCjw
R8 1G N0 1G. a3cU3,jCq3IwY iR 03j3aLCN3 j@3 ,R3a,Cq3
~3I0 R8 j@3 +RgTj LnIjCIw3ac. s3 ,aaC30 Rnj 3I3L3NjAcU3,C~,
@wcj3a3cCc IRRUc RN KiDȕc ,RNjCNCN< R8 KNИYφ;g +Rωе73ωе#Иеg
K<Qg +Rωе73ωе#Иеg ]%Q2V_଒଑ RN K<QY i@3 R$jCN30 ,R3a,Cq3
~3I0 Cc 1G V,8Y 7C<na3 χЕWYϺЙЙ i@3a38Ra3. j@3 ۿ଑AKNA; Cc j@3
cR8j 3I3,jaR03 N0 j@3 +RgTj LnIjCIw3ac j@3 @a0 3I3,jaR03Y /n3
jR j@Cc NRNA3L3a<CN< NjCUaII3I cjj3 R8 j@3 3I3,jaR03c  IRs
iK` 3{3,j Cc ,@C3q30Y BN 00CjCRN. 0n3 jR j@3 s3G TK R8 j@3
3I3,jaR03c. j@3 CNAUIN3 iK` 3{3,j 3u@C$Cjc @C<@3a qIn3c j@N
j@3 RnjAR8AUIN3 iK` 3{3,j V,8Y 7C<na3 χϺ V$WWY
i@3 TK R8 +RgTj LnIjCIw3a cjan,jna3c a3 c3NcCjCq3 jR j@3
a3cU3,jCq3 j@C,GN3cc R8 j@3 +R N0 Tj N0 IcR jR j@3 a3U3jCjCRNcY
?Rs3q3a. 8Ra  ~acj jj3LUj j@3 +RgTj LnIjCIw3a cjan,jna3 Cc
 cnCj$I3 RUjCRN. 0n3 jR j@3 <RR0 <aRsj@ ,RN0CjCRNc RN jRU R8
j@3 K<Q $aaC3aY MRN3j@3I3cc. j@3 0C|,nIj Ua3UajCRN R8 j@3
LnIjCIw3ac N0 j@3 a3\nCa30 cjaC,j 0@3a3N,3 jR Iw3a j@C,GN3cc
a3\nCa3L3Njc a30n,3c Cjc UUIC,$CICjwY
iϱ ϔϩΫЁζΞЅζ ΞϿϿϣϔΫΞΪϔϣϔАЭ Ξϩβ ЅϔϨϿϣϔυЭ j@3 Ua3UajCRN UaR,3cc.
s3 3u,@N<30 j@3+RgTjLnIjCIw3ac $w   PO j@C,G+Rωе73ωе#Ие
j@CN ~IL V,8Y 7C<na3 χϊWY i@nc j@3 KiDȕc RN K<Q N0 baiCQД
,RNcCcj R8 KNϹYφ; V POWg +Rωе73ωе#Ие V POWg K<Q V POWg
+Rωе73ωе#Ие V POWg ,RN0n,jCRN Iw3a V POWY i@CN +RA73A#
Iw3ac CN ,RNj,j sCj@ N K<Q $aaC3a 3u@C$Cj  L<N3jCyjCRN 0CA
a3,jCRN U3aU3N0C,nIa jR j@3 ~IL UIN3Y i@3 CNj3a8,3 NCcRjaRUw
Cc $c30 RN j@3 @w$aC0CyjCRN R8 j@3 K<Q ܜ Ra$CjIc sCj@ j@3 ܑ
Ra$CjIc R8 j@3 +R N0 73YϺЙЕ i@3 @a0AL<N3jC, KNϹYφ; Iw3a
sc 03URcCj30 j  ˫% jR R$jCN  TKY i@3 Rj@3a Iw3ac s3a3
Ua3Ua30 j `iY 8j3a j@3 cwNj@3cCc R8 j@3KiD cj,G. N 00CjCRNI
3uAcCjn URcjANN3ICN< UaR,3cc sc ,aaC30 Rnj j  ˫% 8Ra  JY
/naCN< j@3 @3jCN< N0 ,RRICN< UaR,30na3 N 3uj3aNI L<N3jC,
~3I0 R8 1Gsc UUIC30 U3aU3N0C,nIa jR j@3 cLUI3 cna8,3Y
#3,nc3 R8 j@3 URcjANN3ICN<. j@3 TK R8 j@3 cR8jAL<N3jC,
+RA73A# Iw3a sc R$jCN30 N0  @C<@3a ,awcjIICyjCRN R8 j@3
K<Q $aaC3a sc ,@C3q30YϺЙϊ
i@3 ~acj jaNcURaj L3cna3L3Njc a3q3I30  iK` 3{3,j 8Ra
cLUI3c RN baiCQД N0 K<Q. 8Ra jnNN3I EnN,jCRNc 8aRL čOଓ
jR čOଓY 7C<na3 χχ Ua3c3Njc j@3 iK` 3{3,j j - 8Ra čOଓ KiD RN K<Q N0 baiCQД cn$cjaj3cY i@3 iK` 3{3,j
Cc jsC,3 c @C<@ c 8Ra cLUI3c sCj@  +RgTj LnIjCIw3a ,RnNj3a
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N0 baiCQД
V$In3W cn$cja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field (kOe)
MgO
7C<na3 χЎ- ?wcj3a3cCc IRRU R8
 KNϹYφ; $c30 jnNN3I EnN,A
jCRN sCj@ +RA73A# ,RnNj3a
3I3,jaR03 RN K<Q V<a33NWY
ϺЙχ +Y +Y icC 3j IY BN- B222
iaNc,jCRNc RN K<N3jC,c
χзYϺ VЙзϺϊW
ϺЙЎ i@3 $3@qCRa R8 cLUI3c
RN K<Q Cc NIR<Rnc $nj
sCj@  cLII 0C{3a3N,3 CN
j@3 iK` ajCRY
3I3,jaR03 A Ij@Rn<@ j@3 c@U3 R8 j@3 iK` ,naq3 0C{3ac. CN0CA
,jCN< jR N ILRcj NjCUaII3I cjj3 R8 j@3 3I3,jaR03cY 7C<na3
χЎ c@Rsc j@3 @wcj3a3cCc IRRU R8 j@3 KiD RN K<Q cn$cjaj3Y i@3
cC<NI R8 j@3 ,RnNj3a 3I3,jaR03 Cc NRj qCcC$I3 CN j@3 @wcj3a3cCc IRRUY
+RNc3\n3NjIw. j@3 CN,a3cCN< cIRU3 sCj@ 03,a3cCN< ~3I0 CN j@3
iK` IRRU N0 j@3 NRNAqCcC$CICjw R8 j@3 cR8j 3I3,jaR03 CN j@3 @wcA
j3a3cCc IRRU cn<<3cj  UaL<N3jC, $3@qCRa R8 j@3 +RA73A# j@CN
~ILY `3,3NjIw. icC 3j IYϺЙχ a3URaj30  cnU3aUaL<N3jC, cjj3 CN
j@CN +RA73A# Iw3ac. s@3a3 j@3 $IR,GCN< j3LU3ajna3 ܇۵ 03U3N0c
RN j@3 +RA73A# j@C,GN3ccY i@3w a3URaj30  cnU3aUaL<N3jC,
cjj3 8Ra   PO j@C,G +RA73A# Iw3a j `i. s@3a3c   PO j@C,G
Iw3a a3LCNc 83aaRL<N3jC, nU jR -Y BN Rna ,c3. j@3  PO
j@C,G ,RnNj3a 3I3,jaR03 Cc cnU3aUaL<N3jC, j - 8Ra cLA
UI3c RN K<QY i@Cc cn<<3cjc  0Cc,a3UN,w R8 Ȕ jR Ȕ $3js33N
j@3 NRLCNI N0 a3I ~IL j@C,GN3ccY ?Rs3q3a. $w ,RRICN< 0RsN
j@3 cLUI3 $3IRs - j@3 cnU3aUaL<N3jC, 3{3,j qNCc@3cY
BN 7C<na3 χχ V$W j@3 iK` 3{3,j Rq3a j3LU3ajna3 Cc c@RsNY i@3
iK` 3{3,j CN,a3c3c sCj@ 03,a3cCN< j3LU3ajna3 N0 ,@C3q3c 
LuCLnL qIn3 aRnN0 -Y 7naj@3a ,RRICN< I30 jR  LCNCLI
iK` 3{3,j j - V-W 8Ra cLUI3c RN baiCQД VK<QWY
i@3 qaCjCRN R8 j@3 LERa IRRUc j 0C{3a3Nj j3LU3ajna3c UaRA
qC03c CNcC<@j CNjR j@3 Ua3c3Nj 3{3,jY 7C<na3 χЋ CIIncjaj3c j@3LERa
IRRUc j j@a33 j3LU3ajna3cY r3 sCII RNIw ,RNcC03a j@3 cLUI3
RN baiCQД cn$cjaj3 8Ra CNj3aUa3jjCRNYϺЙЎ bjajCN< j -sCj@
 03,a3cCN< 3uj3aNI L<N3jC, ~3I0 8aRL URcCjCq3 jR N3<jCq3
qIn3c. j@3 LERa IRRU c@Rsc  ICN3a CN,a3c3 R8 j@3 iK` 3{3,j
sCj@ 03,a3cCN< 3uj3aNI ~3I0 N0 aRnN0 y3aR ~3I0 N $anUj
csCj,@CN< R8 j@3 cR8j 3I3,jaR03Y j - j@3 iK` 3{3,j CN,a3c30
jR j@3 LuCLnL qIn3 N0 j@3 $anUj csCj,@CN< j IRs ~3I0c Cc
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LRa3 0CcjCN,j V,8Y 7C<na3 χЋ V$WWY ?Rs3q3a. j - j@3 iK` 3{3,j
a3,@3c ILRcj j@3 cL3 qIn3 c j - V,8Y 7C<na3 χЋ V,WWY ?3a3
<CN.  ICN3a CN,a3c3 R8 j@3 iK` 3{3,j sCj@ 03,a3cCN< 3uj3aNI
L<N3jC, ~3I0 Cc 8RnN0Y i@Cc jCL3 j@3 cnU3aUaL<N3jC, cjj3
,N $3 3u,In030Y icC 3j IYϺЙЋ a3URaj30  ,R3a,CqCjw ,aRccRq3a R8
+RA73A# j@CN ~ILc sCj@ 0C{3a3Nj Iw3a j@C,GN3cc3c s@3N ,RRI30
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7C<na3 χο- iK` ,naq3c 0naCN< j@3 ,R3a,Cq3 ~3I0 ,aRccRq3a R8  KNϹYφ;
Vଓଖ ିାWg+RA73A# V଒ ିାWgK<Q Vଓଔ ିାWg+RA73A# V଒ଓ ିାW KiD RN baiCQД V$In3W
cn$cjaj3Y
Ўϊ
ϺЙο ?Y Fnaj 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϮЎYЙЎ VЙзϺзW
ϺЙϮ ?Y Fnaj 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϮЎYЙЎ VЙзϺзW
Primary electron
AE (~1nm)
SE (~100nm)
BSE (~1μm)
Characteristic
X-ray 
(~10μm)
BremsstrahlungXRF
7C<na3 χϮ- BNj3a,jCRN qRIA
nL3Y
0RsN jR IRs j3LU3ajna3c VHiȕcWY 7Ra 3uLUI3.  +RA73A# j@CN
~IL sCj@  NRLCNI j@C,GN3cc R8  PO a3q3Ic  @C<@3a ,R3a,Cq3
~3I0 j `i j@N   PO j@CN ~ILY #w ,RRICN< 0RsN. j@3 ,R3a,CqA
Cjw ,@N<3c 0C{3a3NjIw 8Ra j@3 jsR Iw3ac N0 j@3  PO j@CN ~IL
$3,RL3c j@3 @a0 3I3,jaR03Y +RLUa30 jR j@3 ,R3a,Cq3 ~3I0 R8
j@3 KNA; Iw3a. j@3 +RA73A# 3I3,jaR03c c@Rs  cjaRN<3a j3LU3aA
jna3 03U3N03N,3Y 7Ra j@j a3cRN j@3  PO j@C,G +RA73A# Iw3a
$3,RL3c j@3 @a0 3I3,jaR03 j -Y BN 7C<na3 χο. j@3 ,Raa3cURN0A
CN< LERa IRRUc j 0C{3a3Nj j3LU3ajna3c a3 c@RsNY j - 
,I3a 0CcjCN,jCRN $3js33N @a0 N0 cR8j 3I3,jaR03 ,N $3 L03Y
#w 03,a3cCN< j@3 j3LU3ajna3. j@3 ,R3a,CqCjw R8 j@3 cR8j Iw3a
CN,a3c3c 8cj3a j@N j@3 ,R3a,Cq3 ~3I0 R8 j@3 @a0 Iw3a. a3cnIjCN<
CN  ,aRccRq3a aRnN0 -Y
?Rs3q3a. s3 RNIw R$jCN30  iK` 3{3,j 8Ra cLUI3c sCj@ 
+RA73A# CNj3aIw3a. $nj j@3 iK` ajCR sc IRs3a j@N j@3 j@3RA
a3jC,I 3uU3,jjCRNcY i@3a38Ra3.  a3cRN 8Ra j@3 IRs iK` 3{3,jc
N330c jR $3 8RnN0Y KN˥QRa j@3 IjjC,3LCcLj,@ $3js33NKNA;
,N $3 N3<I3,j30 0n3 jR j@3 +RA73A# CNj3aIw3aY QN3 Icj URccC$I3
,nc3 Cc j@3 0C{ncCRN R8 #RaRNY Fnaj 3j IYϺЙο CNq3cjC<j30 j@3 #
0C{ncCRN CN ig+R73#gK<Qg+R73#gi jnNN3I EnN,jCRNc. sCj@
j@C,G +RA73A# Iw3ac V PO N0  POW N0 @C<@ NN3ICN< j3LA
U3ajna3c nU jR  ˫%Y i@3w a3URaj30  0C{ncCRN R8 # sw 8aRL
j@3 K<Q $aaC3a CNjR j@3  PO j@C,G i Iw3aY i@nc. j@3 i ~IL
,jc c  # $cRa$3aY 2cU3,CIIw. s@3N j@3 CRNC, a0Cnc R8 RN3
Lj3aCI Cc Ln,@ cLII3a j@N j@3 a0CC R8 Rj@3a Lj3aCIc.  0C{nA
cCRN jG3c UI,3YϺЙϮ i@Cc aCc3c \n3cjCRNc $Rnj j@3 # 0C{ncCRN CN
Rna jnNN3I EnN,jCRNcY QN jRU R8 j@3 +RA73A# ,RnNj3a 3I3,jaR03  PO j@C,G i Iw3a Cc 03URcCj30 $nj j@3 $RjjRL +RA73A# Iw3a Cc
CN ,RNj,j sCj@ j@3 KNϹYφ; Iw3aY i@nc 8Ra j@3 $RjjRL +RA73A#
Iw3a j@3 # $cRa$3a Cc LCccCN<Y c  ,RNc3\n3N,3. j@3 # UaR$$Iw
0C{nc3c jR j@3 K<Q CNj3a8,3Y
n<3a 3I3,jaRN cU3,jaR,RUw
i@3 CNj3a0C{ncCRN R8 j@3 # sc CNq3cjC<j30 $w L3Nc R8 n<3a
3I3,jaRN cU3,jaRc,RUw V2bW 03Uj@ UaR~I3cY #3,nc3 R8 j@3 U3NA
3jajCRN 03Uj@ R8 RNIw  PO jR  PO j@3 2b a3q3Ic  @C<@3a
cna8,3 c3NcCjCqCjw ,RLUa30 jR t`7 N0 UaRqC03c CNcC<@j CNjR
j@3 IR,I 3I3L3Nj 0CcjaC$njCRNY iR CNq3cjC<j3  LnIjCIw3a cj,G 
2b 03Uj@ UaR~I3 N330c jR $3 ,aaC30 RnjY i@3a38Ra3. a CRNc a3
nc30 jR 3j,@ jRLC, Iw3a $w jRLC, Iw3aY i@3 GCN3jC, 3N3a<w ۸ܗܕܚ
R8 j@3 2 Cc s3IIA03~N30 N0 0Ca3,jIw a3Ij30 jR j@3 0C{3a3N,3
CN ,Ra3AI3q3I 3N3a<C3cY 7Ra N 3u3LUIaw ۾ۿ଒ۿଓ jaNcCjCRN. j@3
Ўχ
ϺЕз `n a3q3Ic  IRs3a RuwA
<3N |NCjwY
GCN3jC, 3N3a<w Cc <Cq3N $w۸ܗܕܚ  ۸۾ ˥ ۸ۿଜ ˥ ۸ۿଝ VϊϊW
i@3 LCN 0C{3a3N,3 $3js33N j@3 n<3a UaR,3cc N0 j@3 U@RA
jR3LCccCRN Cc j@3 8RaLjCRN R8 N 00CjCRNI ,Ra3 @RI3Y 7Ra j@Cc
a3cRN. N 00CjCRNI j3aL æ۸ @c jR $3 0030 jR 03c,aC$3 j@3
LNwA3I3,jaRN 3{3,jc.۸܍۾ۿଜۿଝ  ۸܍۾ ˥ ۸܍ۿଜ ˥ ۸܍ۿଝ ˥ æ۸
ۿ଒ۿଓ VϊχW
sCj@ ܍ j@3 jRLC, NnL$3aY i@3 ,Raa3,jCRN j3aL æ۸
ۿ଒ۿଓ Cc cLIIY
BN Ra03a jR 03j3aLCN3 j@3 CNj3a0C{ncCRN CN Rna KiDȕc. s3 ,aA
aC30 Rnj N 2b 03Uj@ UaR~I3 RN  KNϹYφ; V POWg+RA73A#
V POWgK<Q V POWg+RA73A# V POWgi V POWg`n V POW
KiD RN N K<Q cn$cjaj3Y 7C<na3 Ўз CIIncjaj3c j@3 ,Raa3cURN0A
CN< c,NY i@3 CLURajNj 3I3L3Nj Cc #. s@C,@ Cc LaG30 a30Y bjajA
CN< 8aRL j@3 jRU s3 8RnN0  `n N0 i cC<NI jR<3j@3a sCj@ QИ.
cn<<3cjCN< N CNj3a0C{ncCRN R8 $Rj@ Iw3acY 00CjCRNIIw. j@3 QИ
cC<NI Cc 3qC03N,3 R8 j@3 8RaLjCRN R8 i˥QYϺЕз i@3 # cC<NI cjajc
jR<3j@3a sCj@ j@3 i cC<NIY i@Cc Cc NR 3qC03N,3 R8 0C{ncCRN. $nj
CN0n,30 $w j@3 Rq3aIU R8 j@3 ۸஗ଲ܁܁܁ N0 ۸அ۾ۿۿ 3N3a<C3c j aRnN0 G8Y 7Ra j@Cc a3cRN. j@3 # 0C{ncCRN CN j@3 jRU Uaj R8 j@3 KiD
,RnI0 NRj $3 3uLCN30Y ?Rs3q3a. CN j@3 $RjjRL Uaj. CY3Y. $3IRs
j@3 $aaC3a. NR 0Ccjna$CN< i cC<NI Cc Ua3c3NjY i@3 K< N0 QИ
cC<NIc CN,a3c3 cIRsIw N0 c@Rs N $anUj 03,a3c3Y i@Cc Cc
 ,@a,j3aCcjC, $3@qCRa N0 ,Raa3cURN0c jR  <RR0 ,awcjIICN3
$aaC3aY M3uj jR j@3 $aaC3a j@3 @C<@3cj # cC<NI Cc R$c3aq30Y i@3a3A
8Ra3.  # LC<ajCRN sw 8aRL j@3 K<Q $aaC3a 0C0 NRj R,,na. $nj
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7C<na3 Ўз- 2b 03Uj@ UaR~I3 R8  KNϹYφ; Vଓଖ ିାWg+RA73A# V଒ ିାWgK<Q
Vଓଔ ିାWg+RA73A# V଒ଓ ିାW jnNN3I EnN,jCRN RN N K<Q cn$cjaj3Y i@3 URcjA
NN3ICN< j3LU3ajna3 sc c3j jR ଔଗ଑ ˫ஆY
ЎЎ
ϺЕϺ +Y 2Y pCRI#a$Rc 3j IY
BN- DRnaNI R8 UUIC30 T@wcC,c
ϺϺЎYЕ VЙзϺϊW
ϺЕЙ vY KCna N0 KY b@CaCY
BN- B222 iaNc,jCRNc RN
K<N3jC,c χзYϺ VЙзϺϊW
ϺЕЕ KY ;Ic 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ϺϺϊYϺο
VЙзϺЕW
ϺЕϊ FYAbY +@3 3j IY BN- UA
UIC30 T@wcC,c H3jj3ac ϺзЕYϺЎ
VЙзϺЕW
ϺЕχ xY r3N 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϮοYЙϊ VЙзϺϺWd
xY r3N 3j IY BN- UUIC30
T@wcC,c 2uUa3cc χYЎ VЙзϺЙW
j I3cj j@3a3 Cc NR # cC<NI CNcC03 j@3 $aaC3aY i@3 # a30n,3c j@3
cUCN URIaCyjCRN j j@3 K<Qg+RA73A# CNj3a8,3Y NRj@3a 83jna3
c33N CN j@3 2b 03Uj@ UaR~I3 Cc j@3 R,,naa3N,3 R8 KN N0 ; j
j@3 $aaC3a CNj3a8,3Y BN 8,j j@3 ; cC<NI aCc3c $38Ra3 j@3 cC<NI
R8 j@3 KN N0 +RA73A# cjajcY i@3a38Ra3. j@3 ;. $nj IcR j@3 KN.
0C{nc3 j@aRn<@ j@3 +RA73A# Iw3aY pCRI#a$Rc 3j IYϺЕϺ a3URaj30
j@3 R,,naa3N,3 R8 ;˥Q CN KNϹYЍω;gK<Q cj,GcY i@3 0C{ncCRN
R8 ; N0 j@3 UaR$$I3 8RaLjCRN R8 ;˥Q IRs3a j@3 cUCN URIaA
CyjCRN j j@3 $aaC3a CNj3a8,3 0acjC,IIwY 7Ra j@Cc a3cRN. j@3
,@C3q30 iK` ajCRc s3a3 aj@3a IRsY 00CjCRNIIw. j@3 0C{nA
cCRN ,@N<3c j@3 ,RLURcCjCRN R8 j@3 3I3,jaR03 N0 j@3 CNj3a8,3
j3aLCNjCRN VKNKNgK<Q Ra KN;gK<QWYϺЕЙ
i@3 +RИ73I CNj3aIw3a
BN j@3 Ua3qCRnc c3,jCRN j@3 CNc3ajCRN R8  j@CN +RA73A# CNj3aIw3a
$3js33N j@3 KNДAu; 3I3,jaR03 N0 j@3 K<Q $aaC3a sc 0CcA
,ncc30YϺЕЕ  LERa 0Cc0qNj<3 R8 +RA73A# Cc j@3 0C{ncCRN R8
# 0naCN< j@3 URcjANN3ICN< UaR,3ccY N Ij3aNjCq3 Lj3aCI
sCj@ RnjAR8AUIN3 L<N3jCyjCRN N0 @C<@ cUCN URIaCyjCRN Cc
+RИ73IY iR ,@C3q3  TK j@3 ~IL j@C,GN3cc @c jR $3 03A
,a3c30 $3IRs  POYϺЕϊ  a3cRN$Iw @C<@ iK` 3{3,j R8 
sc a3URaj30 8Ra +RИ73IgK<Qg+RИе73Ѝе#Ие jnNN3I EnN,jCRNcY
00CjCRNIIw.  IRs 0LUCN< UaL3j3a R8 ঢ   N0  @C<@
NCcRjaRUw 3N3a<w R8 ۾    ଖ , EO˥ଔ s3a3 a3URaj30YϺЕχ i@3a3A
8Ra3. +RИ73I Cc  UaRLCcCN< ,N0C0j3 jR c3aq3 c N CNj3aIw3a
c s3II c ,RnNj3a 3I3,jaR03 CN KNДAu; $c30 KiDȕcY
iϱ ϔϩЦζЅАϔόΞАζ Аϑζ ϿЁϱϿζЁАϔζЅ R8  +RИ73I CNj3aIw3a. s3 03A
URcCj30   PO j@C,G KNϹYφ; j@CN ~IL RN baiCQД N0 K<Q
cn$cjaj3c j  ˫%Y i@Cc ,RLURcCjCRN 3u@C$Cjc j@3 0qNj<3c R8
IRs cna8,3 aRn<@N3cc N0  IRs LRnNj R8 KN˥Q j j@3 $aaC3a
CNj3a8,3 0n3 jR 03URcCjCRN 8aRL  ,RLURcCj3 ja<3jY 8j3asa0c
  PO j@C,G +RИ73I j@CN ~IL sc 0030. @3a3 j@3 03URcCjCRN
j3LU3ajna3 sc aRnN0 `i jR ,@C3q3  ,RLUa$I3 UaR,3cc jR
j@j R8 j@3 +RA73A# CNj3aIw3aY 00CjCRNIIw. j@3 03URcCjCRN R8
j@CN ~ILc $3IRs  PO RN @3j30 cn$cjaj3 Cc 0C|,nIj 0n3 jR j@3
qURaCyjCRN R8 j@3 Lj3aCIY iR CNq3cjC<j3 j@3 CNn3N,3 R8 j@3
$aaC3a RN j@3 +RИ73I N0 qC,3 q3ac   POK<Q Iw3a sc
03URcCj30 RN jRU R8 j@3 cj,G. IcR 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a0 jR ~IL aRn<@N3cc s3a3 CNq3cA
jC<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cna3L3NjcY 00CjCRNIIw. j@3 ~IL j@C,GN3cc
N0 03NcCjw s3a3 3uLCN30Y 7C<na3 ЎϺ CIIncjaj3c j@3 R$jCN30
t`` c,Nc R8  KNϹYφ; V POWg+RИ73I V POWgK<Q V POW
cj,Gc RN K<Q N0 baiCQДYϺЕЎ i@3 03j3aLCN30 qIn3c 8aRL j@3
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a3 c@RsN CN i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s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7C<na3 ЎЙ- t`/ c,Nc R8 KNϹYφ; j@CN ~ILc sCj@  ଒ ିା +RИ73I CNj3aIw3a N0 ଓଔ ିାK<Q ,UUCN< Iw3a RN K<Q V<a33NW N0 baiCQД V$In3WY
ϺЕЋ ܆ܙ܎ܤ Cc 03~N30 c j@3
tK+/ cC<NI @3C<@jY
VззЙW N0 cnU3a IjjC,3 VззϺW N0 VззЕW a33u3c. CN03U3N03NjIw R8
j@3 cn$cjaj3Y i@3 U3G URcCjCRNc 8Ra j@3 cLUI3 RN baiCQД a3 FGI 8Ra j@3 VззϺW N0  FGI 8Ra j@3 VззЕW cnU3a IjjC,3
a33u3cY i@3 8nN0L3NjI a33u ,N $3 8RnN0 j  FGIY i@3c3
URcCjCRNc ,Raa3cURN0 jR  ܐ UaL3j3a R8 ȔY ?Rs3q3a. j@3
U3G URcCjCRNc 8Ra cLUI3c RN K<Q a3 j @C<@3a N<I3c. 0n3 jR
j@3 Ij3aI 3uUNcCRN CN0n,30 $w j@3 cn$cjaj3Y i@3 jsR cnU3a
IjjC,3 a33u3c a3 qCcC$I3 j  FGI N0  FGI N0 j@3 8nNA
0L3NjI U3G R,,nac j  FGIY i@3a38Ra3.  ܐ IjjC,3 ,RNcjNj
R8 Ȕ Cc 03j3aLCN30Y i@3 +RИ73I Iw3a c@Rsc NR CNn3N,3
RN j@3 ,awcjI cjan,jna3 R8 j@3 KNA;Y i@j sc 3uU3,j30. 0n3 jR
j@3 a3cnIjc R$jCN30 8Ra  +RA73A# CNj3aIw3aY i@3 +RИ73I Iw3a
CN0n,3c NR a33u3c CN j@3 t`/ c,N $3,nc3 R8 j@3 IRs j@C,GN3ccY
BN j@j sw. j@3 a3I ,awcjI U@c3 R8 j@3 +RИ73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+@3LC,I 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 c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I CNj3aIw3a RN K<Q N0 baiCQД cn$cjaj3c a3 03UC,j30
CN 7C<na3 ЎЕY 7aRL j@3 t cU3,ja NR 0C{3a3N,3 a3<a0CN< j@3 8RaA
LjCRN R8 KN˥Q $3js33N j@3 jsR cLUI3c Cc R$c3aq30Y ?Rs3q3a.
j@3 tK+/ cU3,ja a3 LRa3 c3NcCjCq3 jR j@3 8RaLjCRN R8 KN˥QY
i@3 cLUI3 RN K<Q 3u@C$Cjc  IRs3a ܆ܙ܎ܤ qIn3 ,RLUa30 jR
j@3 cLUI3 RN j@3 baiCQД cn$cjaj3YϺЕЋ i@3 ,Raa3cURN0CN< L<A
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jRL Cc 
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7C<na3 Ўχ- iK` cj,G sCj@
 KNϹYφ; $RjjRL 3I3,jaR03.
 +RИ73I CNj3aIw3a N0 
+RA73A# ,RnNj3a 3I3,jaR03Y
a3cnIjc sCj@ j@3 L<N3jC, LRL3Nj R$jCN30 8Ra cLUI3c sCj@Rnj
 +RИ73I CNj3aIw3a V,8Y 7C<na3 ЕχW. j@3 03j3aLCN30 qIn3c 8Ra
cLUI3c sCj@ +RИ73I a3 cLII3aY i@Cc sRnI0 cn<<3cj  @C<@3a
LRnNj R8KN˥QRa  @C<@3a ,RLU3NcjCRN R8L<N3jC,LRL3Njc
8Ra cLUI3c sCj@  +RИ73I CNj3aIw3aY
i@3 3I3L3NjAcU3,C~, @wcj3a3cCc IRRUc 8Ra cLUI3c RNK<Q N0
baiCQД a3 CIIncjaj30 CN 7C<na3 ЎϊY 7Ra $Rj@ cLUI3c  KNA N0
 +RA@wcj3a3cCc s3a3 ,aaC30 Rnj jR 03j3aLCN3 j@3 L<N3jCyjCRN
0Ca3,jCRN R8 j@3 CNj3aIw3acY c c33N $38Ra3 8Ra j@3 +RA73A# CNj3aA
Iw3a. j@3 +R L<N3jC, LRL3Njc R8 j@3 +RИ73I IC<Nc UaII3I
jR j@3 KN L<N3jC, LRL3Njc R8 j@3 KNA;Y i@3a38Ra3. j@3  PO
j@C,G +RИ73I j@CN ~IL a3q3Ic. N RnjAR8AUIN3 L<N3jCyjCRN
0Ca3,jCRN s@3N 03URcCj30 RN  KNϹYφ; j@CN ~ILY 00CjCRNIIw.
 KNA@wcj3a3cCc R8  cLUI3 sCj@Rnj CNj3aIw3a sc 0030 Va30
,naq3. 7C<na3 ЎϊW jR CNq3cjC<j3 j@3 3{3,j R8 N CNj3aIw3a RN j@3
L<N3jC, UaRU3ajC3c R8 j@3 KNϹYφ; Iw3aY baiCQД $c30 cLUI3c
sCj@ N CNj3aIw3a c@Rs30  IRs3a ,R3a,Cq3 ~3I0. s@3a3c 8Ra j@CN
~ILc RN K<Q. NR 0C{3a3N,3 Cc qCcC$I3Y
iaNcURaj L3cna3L3Njc
r3Ua3Ua30KNϹYφ;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I V POW gK<Q V POWg
+R73# V POW KiDȕc RN K<Q N0 baiCQД cn$cjaj3c V,8Y 7C<A
na3 ЎχWY i@3 KNϹYφ; $RjjRL 3I3,jaR03 sc 03URcCj30 j  ˫%
j@3 8naj@3a Iw3ac s3a3 Ua3Ua30 j `iY i@3 @RI3 cj,G sc 3uAcCjn
URcjANN3I30 j  ˫% jR ,@C3q3  U3aU3N0C,nIaIw L<N3jCy30
+RA73A# ,RnNj3a 3I3,jaR03Y 7C<na3 ЎЎ CIIncjaj3c j@3 LERa IRRUc
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CN30 j `i 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IgK<Qg+RA73A# jnNN3I EnN,jCRN RN
K<Q j VW `i N0 V$W ଒଑எY
ЋϺ
,RLUa30 jR j@3 RN3c R$jCN30 sCj@  +RA73A# CNj3aIw3aY j `i
j@3 cR8j 3I3,jaR03 a3q3Ic N CNAUIN3 ,RLURN3Nj. LRcj ICG3Iw CNA
0n,30 $w j@3 cnU3aUaL<N3jC, cjj3 R8 j@3 +RA73A#Y 7Ra Hi 
03,a3c3 R8 j@3 ,R3a,Cq3 ~3I0 R8 j@3 cR8j 3I3,jaR03 Cc R$c3aq30Y
i@Cc $3@qCRa Cc 0C{3a3Nj 8aRL j@j R8 j@3 cLUI3c sCj@ +RA73A#
CNj3aIw3ac N0 nNjCI NRs  a3cRN$I3 3uUINjCRN @c NRj $33N
8RnN0Y i@3 IRs NRLCNI +RИ73I j@C,GN3cc ,RnI0 IcR $3 N
3uUINjCRN 8Ra j@3 j@3 IRs iK` 3{3,jY
n<3a 3I3,jaRN cU3,jaRc,RUw
2b L3cna3L3Njc s3a3 ,aaC30 Rnj jR 3uLCN3 j@3 0C{ncCRN j
j@3 $aaC3a CNj3a8,3Y BN 7C<na3 ЎЋ j@3 03Uj@ UaR~I3 R8 j@3 KiD
cj,G 8aRL 7C<na3 Ўχ Cc CIIncjaj30Y ?3a3. j@3 cC<NIc 8aRL j@3 `n
N0 i a3 ,I3aIw 0CcjCN,j N0 c@Rs NR 3qC03N,3 R8 i˥QY i@3
cC<NI 8aRL j@3 Rj@3a 3I3L3Njc Cc aj@3a IRsY i@3 # 0C{ncCRN CN j@3
jRU Iw3a ,RnI0 NRj $3 03j3,j30. 0n3 jR j@3 Rq3aIUUCN< i cC<NIY
iR UaRqC03 $3jj3a CNcC<@j CNjR j@3 0CcjaC$njCRN R8 j@3 3I3L3Njc
aRnN0 j@3 $aaC3a CNj3a8,3. 7C<na3 Ўο 03UC,jc  yRRL30ACN 2b
03Uj@ UaR~I3Y #3,nc3 R8 j@3 @C<@ NRCc3 j@3 `n N0 i cC<NI
s3a3 ,N,3I30 Rnj jR <3j  $3jj3a qC3s R8 j@3 CLURajNj Lj3aCIc
N3uj jR j@3 $aaC3aY i@3 K< N0 QИ U3Gc a3 $aR03N30 N0
0C{3a 8aRL j@3 cLUI3 CN 7C<na3 ЎзY 2qC03N,3 8Ra j@3 0C{ncCRN R8
KN N0 ; ,N $3 8RnN0 CN j@3 8,j j@j $Rj@ cC<NIc cjaj cRRN3a
j@N j@3 +R N0 73 cC<NIcY i@3 I cC<NI sc NRj 03j3,j$I3. 0n3
jR j@3 IRs j@CN ~IL j@C,GN3cc N0 j@3 03Uj@ a3cRInjCRN R8 j@3 2
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7C<na3 Ўο- 2b 03Uj@ UaR~I3 R8  KNϹYφ; Vଓଖ ିାWg+RИ73I V଑ଙ ିାWgK<Q
Vଓଔ ିାWg+R73# V଒ଓ ିାW jnNN3I EnN,jCRN RN  baiCQД cn$cjaj3Y
Cc <CN j@3 LCN a3cRN 8Ra j@3 IRs iK` ajCRY i@3a38Ra3. j@3
Ua3qCRncIwL3NjCRN30#0C{ncCRN R8 j@3 $RjjRL+RA73A# Iw3a CNjR
j@3 $aaC3a Cc NRj j@3 UaCLaw ,@II3N<3Y iR Rq3a,RL3 j@3 c3,RN0
URcjANN3ICN< UaR,3cc  N3s ,RnNj3a 3I3,jaR03 @c jR $3 8RnN0Y
7Ra 3uLUI3. +RИе73Ѝе#Ие c@Rsc N RnjAR8AUIN3 L<N3jCyjCRN
0Ca3,jCRN sCj@Rnj 8naj@3a URcjANN3ICN<Y 00CjCRNIIw. 8naj@3a
CNq3cjC<jCRNc R8 j@3 KN N0 ; 0C{ncCRN @q3 jR $3 ,aaC30 Rnj.
cn,@ c j@3 03U3N03N,3 R8 j@3 0C{ncCRN RN j@3 URcjANN3ICN<
j3LU3ajna3Y
iCM c330 Iw3a
i@3 j3ja<RNI 0CcjRajCRN R8 j@3KNДAu; j@CN ~ILc Cc $c30 RN j@3
,awcjI <aRsj@. j@nc  cn$cjaj3 sCj@  Lj,@CN< IjjC,3 ,RNcjNj
N0 03URcCjCRN RN  @3j30 cn$cjaj3 a3 a3\nCa30Y r3 s3a3 $I3
jR c@Rs j@j cn$cjaj3c ICG3 K<Q N0 baiCQД 3u@C$Cj  cnCj$I3
IjjC,3 ,RNcjNj jR ,@C3q3 ۷ଓଓA Ra ۿ଑ARa03a30KNДAu; ,awcjI
U@c3Y ?Rs3q3a. 0naCN< j@3 8$aC,jCRN R8 KiDȕc N CRN 3j,@CN<
UaR,3cc Cc a3\nCa30 jR Ua3Ua3 3I3L3Njc R8 c3q3aI čOଓY mNA
8RajnNj3Iw. j@3 3j,@CN< @c jR cjRU 8j3a j@3 $aaC3a. CY3Y. CN j@3
$RjjRL 3I3,jaR03. Rj@3asCc3 j@3 ,RNj,j $3js33N 3I3,jaR03 N0
URs3a cnUUIw Cc NRj 3cj$ICc@30Y c  a3cnIj  cjaw ~3I0 8aRL
j@3 Ia<3 L<N3jC, $RjjRL Iw3a ,RnI0 CN0n,3 0CURIa L<N3jRA
cjjC, ,RnUICN< sCj@ j@3 jRU 3I3,jaR03Y iR Rq3a,RL3 j@Cc R$cj,I3
 ,RN0n,jCN< c330 Iw3a sCj@  cnCj$I3 IjjC,3 ,RNcjNj Cc N3,3cA
cawY i@j sw. j@3 3j,@CN< ,RnI0 UaR,330 j@aRn<@ j@3 $RjjRL
3I3,jaR03 CNjR j@3 c330 Iw3aY isR ,RLLRNIw nc30 c330 Iw3ac a3
Tj N0 +a. sCj@ N CNAUIN3 IjjC,3 ,RNcjNj R8 ܎ஓ୅  Ȕ N0
ЋЕ
$n{3a LCcLj,@
baiCQД 
K<Q 
Tj 
T0 
+a˪ 
iCM 
i$I3 ϺЙ- KCcLj,@ $3js33N
KNДAu; N0 qaCRnc cn$A
cjaj3cg$n{3a Iw3aY ˪ 8Ra କଖଵଶସ aRjj30 ~IL <aRsj@Y
$n{3a ী VčúEOW
Tj 
T0 
+a 
iCM  jR 
i$I3 ϺЕ- `3cCcjCqCjw ী R8 qaCA
Rnc $n{3a Iw3acY
ϺЕο xY Fn<I3a 3j IY BN- DRnaNI
R8 K<N3jCcL N0 K<N3jC,
Kj3aCIc ЕЙЕYЙ VЙзϺϺWd +Y
bj3as3a8 3j IY BN- B222
iaNc,jCRNc RN K<N3jC,c
ϊϮYЋ VЙзϺЕW
ϺЕϮ vY FaR,G3N$3a<3a 3j IY
BN- DRnaNI R8 UUIC30 T@wcC,c
ϺϺЙYο VЙзϺЙW
܎ஆୃ  ȔY 7Ra  +a $n{3a Iw3a  <aRsj@ aRjj30 $w FGI Cc
N33030 jR ,@C3q3  IRs IjjC,3 LCcLj,@Y  Tj $n{3a 3u@C$Cjc
j@3 IRs3cj IjjC,3 LCcLj,@ V,8Y i$I3 ϺЙW N0 a3q3Ic @C<@ j@3aA
LI cj$CICjw. s@3a3c T0 N0 +a 0C{nc3 j j3LU3ajna3c $Rq3 ˫% N0  ˫%. a3cU3,jCq3IwYϺЕο /C{ncCRN R8 j@3 c330 Iw3a CNjR
j@3 3I3,jaR03 IRs3ac j@3 cUCN URIaCyjCRN j j@3 $aaC3a CNj3a8,3Y
?Rs3q3a. RN K<Q N0 baiCQД cn$cjaj3c j@3 8qRa30 <aRsj@ 0CA
a3,jCRN R8 Tj Cc j@3 VϺϺϺW 0Ca3,jCRNY QNIw nN03a ,Ca,nLcjNjCI
<aRsj@ UaR,3cc3c. ICG3 03URcCjCRN nN03a QИ jLRcU@3a3 Ra 03A
URcCjCRN RN +a. Cc j@3 VззϺW 0Ca3,jCRN R$jCN30 VNRj c@RsNWY iCM
Cc  N3s Lj3aCI sCj@ @C<@ j@3aLI cj$CICjw. LR03aj3 IjjC,3
LCcLj,@ N0 IRs a3cCcjCqCjwY i@3 ,n$C, M+I cjan,jna3 3u@C$Cjc
 IjjC,3 ,RNcjNj R8 ȔY i@3 IjjC,3 LCcLj,@ jR j@3 KNДAu;
,RLURnN0 Cc  N0 j@nc \nCj3 @C<@Y ?Rs3q3a.  IRs a3cCcjCqA
Cjw R8 čúEO jR čúEO V,8Y i$I3 ϺЕW N0  cna8,3 aRn<@N3cc
R8  PO s3a3 a3URaj30YϺЕϮ 2q3N j@Rn<@ j@3 IjjC,3 LCcLj,@
Cc @C<@ j@3 ,RL$CNjCRN R8 @C<@ j@3aLI cj$CICjw. IRs a3cCcjCqA
Cjw N0 IRs cna8,3 aRn<@N3cc L03 iCM N 3u,3II3Nj ,@RC,3 8Ra
UUIC,jCRN c  c330 Iw3aY
+awcjIIR<aU@C, UaRU3ajC3c
BN  ~acj jj3LUj. s3 03URcCj30  PO j@C,G iCM j@CN ~ILc RN
K<Q 0n3 jR j@3 IRs IjjC,3 LCcLj,@3c R8 Y 00CjCRNIIw.
iCM Iw3ac s3a3 Ua3Ua30 RN baiCQД $3,nc3 R8 j@3 <RR0 <aRsj@
,RN0CjCRNc 8Ra KNДAu; RN baiCQДY i@3 03URcCjCRN j3LU3ajna3
sc qaC30 8aRL  ˫% jR  ˫%Y 7C<na3 ЎϮ 03UC,jc j@3 R$jCN30
t`/ cU3,ja R8 iCM RN K<Q N0 baiCQД cn$cjaj3cY #3,nc3 R8
j@3 IRs IjjC,3 LCcLj,@ $3js33N K<Q N0 iCM. j@3 ,@a,j3aA
CcjC, U3Gc R8 j@3 iCM a3 RNIw qCcC$I3 c c@RnI03ac ,IRc3 jR j@3
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7C<na3 ЎϮ- t`/ c,Nc R8 iCM j@CN ~ILc 03URcCj30 j 0C{3a3Nj j3LU3ajna3c RN VW K<Q V<a33NW N0 V$W baiCQД V$In3WY
Ћϊ
Ϻϊз HY DY qN 03a TnsY BN-
T@CICUc `3c3a,@ `3URajc ϺЕYϺ
VϺϮχοW
ϺϊϺ vY FaR,G3N$3a<3a 3j IY
BN- DRnaNI R8 UUIC30 T@wcC,c
ϺϺЙYο VЙзϺЙW
cn$cjaj3 a33u3cY i@3 iCM VззϊW a33u Cc 8RnN0 j FGI. j@nc
j@3 ,Raa3cURN0CN< ܐAIjjC,3 ,RNcjNj Cc Ȕ N0 Lj,@3c j@3
ICj3ajna3 qIn3cY #3,nc3 R8 j@3 @C<@3a IjjC,3 LCcLj,@ sCj@
baiCQД j@3 iCM a33u3c a3 ,I3aIw qCcC$I3 CN j@3 t`/ c,Nc 8Ra II
03URcCjCRN j3LU3ajna3c. 3u,3Uj  ˫%Y i@3 VззЙW a33u Cc qCcC$I3
j  FGI N0 j@3 VззϊW a33u j  FGIY i@nc j@3 q3a<3
RnjAR8AUIN3 IjjC,3 ,RNcjNj Cc 03j3aLCN30 jR $3 ȔY /3cUCj3
j@3 @C<@3a IjjC,3 LCcLj,@. j@3 ܐ UaL3j3a ,Raa3cURN0c s3II jR
j@3 a3URaj30 0jY
iaNcURaj L3cna3L3Njc
i@3 03j3aLCNjCRN R8 j@3 ,awcjIIR<aU@C, UaRU3ajC3c R8 iCM j@CN
~ILc RN K<Q jnaN30 Rnj jR $3 0C|,nIj 0n3 jR j@3 IRs IjjC,3
LCcLj,@Y NRj@3a ,@a,j3aCcjC, j@j UaRqC03 CNcC<@j CNjR j@3
,awcjIICN3 \nICjw Cc j@3 a3cCcjCqCjw R8 j@3 ~ILcY  ,awcjIICN3
cjan,jna3 a3q3Ic  IRs3a a3cCcjCqCjw j@N N LRaU@Rnc cjan,A
jna3Y 00CjCRNIIw. j@3 8RaLjCRN R8 iC˥Q IcR CN,a3c3 3I3,jaC,I
a3cCcjN,3Y +RNc3\n3NjIw. j@3 R$jCN30 a3cCcjCqCjw UaRqC03c CNA
8RaLjCRN $Rnj j@3 ,awcjIICN3 cjan,jna3 N0 j@3 8RaLjCRN R8
iC˥QY
+RNq3NjCRNI 8Rna UaR$3 L3cna3L3Njc s3a3 ,aaC30 Rnj RN
UICN iCM j@CN ~ILc j -Y 7Rna jCUc s3a3 UI,30 RN j@3 j@CN
~IL j j@3 cL3 0CcjN,3Y i@3N  ,naa3Nj ۼsc 0aCq3N j@aRn<@ j@3
Rnj3a jCUc N0  qRIj<3܈scL3cna30 j j@3 CNN3a ,RNj,jcY i@3
8naj@3a 03j3aLCNjCRN sc 0RN3 $w j@3 qNA03aATnsϺϊз L3j@R0Y
i@3 a3cCcjCqCjw R8 j@3 j@CN ~IL Cc 03~N30 c
ী  ܈ۼ ঱ܑNP  VϊЎW
sCj@ ܑ $3CN< j@3 ~IL j@C,GN3ccY 7C<na3 Ћз c@Rsc j@3 R$jCN30 ী R8
Rna iCM j@CN ~ILc 03U3N0CN< RN j@3 03URcCjCRN j3LU3ajna3Y i@3
IRs3cj qIn3c a3 8RnN0 8Ra  03URcCjCRN j3LU3ajna3 R8  ˫%Y
QN K<Q VbaiCQДW cn$cjaj3 j@3 iCM ~IL a3q3Ic  a3cCcjCqCjw R8 čúEO V čúEOWY i@3c3 qIn3c a3 @C<@3a ,RLUa30
jR j@3 a3cnIjc 8aRL FaR,G3N$3a<3a 3j IYϺϊϺ j  ˫% j@3 @C<@
a3cCcjCqCjw Cc 0n3 jR j@3 LRaU@Rnc cjan,jna3 RN baiCQДY i@3
CN,a3cCN< a3cCcjCqCjw sCj@ CN,a3cCN< 03URcCjCRN j3LU3ajna3.
$Rq3  ˫%. Cc UaR$$Iw CN0n,30 $w j@3 8RaLjCRN R8 iC˥QY Bj Cc
URccC$I3 j@j j@3 Q 8aRL j@3 cn$cjaj3 0C{nc3c CNjR j@3 iCM ~IL
N0 a3,jc sCj@ j@3 iCY 7Ra  ,IRc3a IRRG j j@Cc 3{3,j. 2b 03Uj@
UaR~I3c @q3 jR $3 ,aaC30 RnjY
00CjCRNIIw. j@3 3uLCNjCRN R8 j@3 jaNcCjCRN j3LU3ajna3܇ܐ CNjR j@3 cnU3a,RN0n,jCN< a3<CL3 UaRqC03c CN8RaLjCRN $Rnj
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7C<na3 Ћз- `3cCcjCqCjw R8 j@3 iCM j@CN ~ILc 03U3N0CN< RN j@3 03URcCjCRN j3LU3aA
jna3Y i@3 cLUI3c s3a3 Ua3Ua30 RN K<Q V<a33NW N0 baiCQД V$In3WY
ϺϊЙ ?Y FL3aICN<@ QNN3cY
BN- +RLLnNY T@wcY H$Y mNCqY
H3C03N ϺЙYϺЙз VϺϮϺϺW
ϺϊЕ ?Rs3q3a. Cj c@RnI0 $3
L3NjCRN30 j@j j@3 ,@a,A
j3aCcjC, 3{3,j CN cnU3a,RNA
0n,jCqCjw Cc j@3 K3CŇN3aA
Q,@c3N83I0 3{3,jY
Ϻϊϊ DY #a033N 3j IY BN- T@wcCA
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7C<na3 ЋϺ- b,@3LjC, cG3j,@
R8  ?II $a cjan,jna3 sCj@
n ,RNj,j U0c N0 j@3L3A
cna3L3Nj <3RL3jawY
j@3 ,awcjIICN3 Ra03a N0 8RaLjCRN R8 iC˥QY i@3 U@3NRL3NRN
,II30 cnU3a,RN0n,jCqCjw sc 0Cc,Rq3a30 CN ϺϮϺϺ $w FL3aICN<
QNN3cϺϊЙ N0 03c,aC$3c j@3 $anUj 03,w R8 j@3 3I3,jaC, a3cCcjCqCjw
j IRs j3LU3ajna3cYϺϊЕ i@Cc 3{3,j ,N $3 3uUICN30 $w L3Nc R8
j@3 #+b j@3Raw. NL30 8j3a j@3 CNq3NjRac #a033N. +RRU3a N0
b,@aC3{3aYϺϊϊ i@3 nN03aIwCN< 3{3,j Cc j@3 CNj3a,jCRN R8 3I3,jaRNc
sCj@ U@RNRNc N0 j@nc j@3 ,RN03NcjCRN R8 s@j Cc ,II30 +RRU3a
UCacY i@3c3 +RRU3a UCac ,RNcCcj R8 jsR 3I3,jaRNc sCj@ RUURcCj3
CLUnIc3 N0 cUCNY i@3w 0R NRj nN03aIC3 j@3 73aLCA/Ca, cjjCcjC,
$nj j@3 #Rc3A2CNcj3CN cjjCcjC,Y +RRU3a UCac a3 $RcRNc N0 a3
NRj cn$E3,j jR j@3 TnIC 3u,IncCRN UaCN,CUI3Y 00CjCRNIIw. j@3w
a3q3I NR CNj3a,jCRN sCj@ j@3 jRLC, IjjC,3Y i@3 #+b j@3Raw
<Cq3c j@3 8RIIRsCN< a3IjCRN 8Ra j@3 jaNcCjCRN j3LU3ajna3-
܇ܐ  Ǽ঺۷ܗ۵ GZR ന˥ ۷
۸۹܉˪ ഫ VϊЋW
sCj@ ঺۷ $3CN< j@3 /3$w3 8a3\n3N,w. ܉˪  ܐܛܚܟܠ j@3 3I3,jaRN
U@RNRN CNj3a,jCRN N0 ۷
۸۹ j@3 /Qb j ۸۹Y i@3 /3$w3 8a3A
\n3N,w Cc UaRURajCRNI jR j@3 jRLC, Lcc. ঺۷ ˰ ۴˥଑ଖY /n3 jR
j@3 ,RN03NcjCRN R8 jsR 3I3,jaRNc jR RN3 +RRU3a UCa.  <U æ
R,,nac CN j@3 /Qb R8 j@3 cnU3a,RN0n,jRaY i@3 #+b j@3Raw <Cq3c 
a3IjCRN $3js33N j@3 <U æ଑ j - N0 j@3 jaNcCjCRN j3LU3ajna3܇ܐ æ଑
܇    ܗ۵܇ܐ VϊοW
sCj@ ܗ۵ $3CN< j@3 #RIjyLNN ,RNcjNjY i@3 ,R@3a3N,3 I3N<j@ Cc
03~N30 c j@3 I3N<j@ c,I3 s@3a3 j@3 ,RN03NcjCRN R8  +RRU3a
UCa ,RnI0 jG3 UI,3Y Bj cjaRN<Iw 03U3N0c RN j@3 L3N 8a33 Uj@
R8 j@3 3I3,jaRNcY /383,jc CN j@3 IjjC,3 cjan,jna3 Ra CLUnaCjC3c
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7C<na3 ЋЙ- iaNcCjCRN CNjR j@3 cnU3a,RN0n,jCN< cjj3 8Ra iCM j@CN ~ILc 03URcCj30
j କ଑ଖ ˫ஆ V$RI0 ICN3W N0 ଖଚଖ ˫ஆ V0c@30 ICN3W RN K<Q V<a33NW N0 baiCQД V$In3W
cn$cjaj3cY
IRs3a j@3 L3N 8a33 Uj@Y 7Ra j@j a3cRN.  @RLR<3NRnc cnA
U3a,RN0n,jRa sCj@Rnj CLUnaCjC3c a3q3Ic  cLII æ܇ܐY BN Rj@3a
sRa0c. j@3 jaNcCjCRN j3LU3ajna3 c@Rsc  cjaRN< a3IjCRN jR j@3
,awcjIICN3 UaRU3ajC3cY
iR 03j3aLCN3 j@3 cnU3a,RN0n,jCN< UaRU3ajC3c. s3 ,aaC30 Rnj
jaNcURaj L3cna3L3Njc sCj@CN  j3LU3ajna3 aN<3 8aRL -
jR -Y i@3a38Ra3.  ,IRc30A,w,I3 @3ICnL ,awRcjj sc nc30 N0
j@3 iCM j@CN ~ILc s3a3 ICj@R<aU@30 CNjR  ?II $a cjan,jna3 V,8Y
7C<na3 ЋϺWY i@3 R$jCN30 a3cCcjCqCjC3c. NRaLICy30 jR ী
-. c
 8nN,jCRN RN j@3 j3LU3ajna3 a3 03UC,j30 CN 7C<na3 ЋЙY bLUI3c
RN K<Q 3u@C$Cj  IRs3a jaNcCjCRN j3LU3ajna3 ܇ܐ ,RLUa30 jR
j@CN ~ILc RN baiCQДY i@3 cLUI3c 03URcCj30 j  ˫% c@Rs 
jaNcCjCRN CNjR j@3 cnU3a,RN0n,jCN< cjj3 j - VK<QW N0- VbaiCQДWY 7Ra  03URcCjCRN j3LU3ajna3 R8  ˫%  ܇ܐ R8- VK<QW N0 - VbaiCQДW sc 03j3aLCN30Y QNIw j@3 cLA
UI3c Ua3Ua30 j  ˫% c@Rs30 NR cnU3a,RN0n,jCN< cjj3. 3q3N jO-Y i@Cc Cc LRa3 3qC03N,3 R8 Q 0C{ncCRN 8aRL j@3 cn$cjaj3
CNjR j@3 iCM Iw3aY r3 ,RN,In03 j@j j@3 ,awcjIIR<aU@C, UaRU3aA
jC3c sCj@ a3<a0 jR j@3 IjjC,3 ,RNcjNj N0 j@3 cnU3a,RN0n,jCN<
UaRU3ajC3c a3 $3jj3a 8Ra iCM RN baiCQДY
+@3LC,I UaRU3ajC3c
i@3 ,@3LC,I UaRU3ajC3c R8 j@3 iCM j@CN ~ILc s3a3 CNq3cjC<j30
$w tb CN Ra03a jR 3u,In03 j@3 8RaLjCRN R8 iC˥QY i@3a38Ra3.
j@3 iCM cLUI3 03URcCj30 j  ˫% RN K<Q sc NIwy30Y i@3
MA۾A30<3 N0 j@3 iCAۿଔଓA30<3c a3 CIIncjaj30 CN 7C<na3 ЋЕY i@3
jRU Uaj R8 7C<na3 ЋЕ ,Raa3cURN0c jR j@3 $nIGAc3NcCjCq3 HK LR03
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7C<na3 ЋЕ- t cU3,ja R8 MA۾A30<3 V$In3W N0 iCAۿଞଝA30<3c Va30W R8  iCM j@CN
~IL RN K<Q CN HK VjRUW N0 i2v V$RjjRLW LR03Y i@3 iCM ~IL sc କ଑ ିା j@C,G
N0 03URcCj30 j କ଑ଖ ˫ஆY i@3 cLUI3 sc L3cna30 j #H ЎYЕYϺY
Ϻϊχ HY bRaCNR 3j IY BN- DRnaA
NI R8 3I3,jaRN cU3,jaRc,RUw
N0 a3Ij30 U@3NRL3N ЎЙYϺ
VϺϮϮЕW
N0 j@3 $RjjRL Uaj jR j@3 cna8,3Ac3NcCjCq3 i2v LR03Y i@3 MA
cU3,ja Lj,@ j@3 ICj3ajna3 0j s3IIY B8 QИ @0 a3UI,30 j@3
M jRLc j j@3Ca URcCjCRNc CN j@3 ,awcjI IjjC,3.  cUCG3 CN j@3
tb sRnI0 @q3 $33N R$c3aq30. 0n3 jR j@3 8a33 M jRLc CN j@3
IjjC,3YϺϊχ i@3 $nIGAc3NcCjCq3 iCAcU3,janL c@Rsc  L3jIIC,AICG3
$3@qCRa. s@3a3c j@3 i2v cC<NI c@Rsc  LnIjCUI3j cjan,jna3 RN
j@3 ۿଔA30<3 CN0C,jCN<  cLII LRnNj R8 iC˥QY ?Rs3q3a. 0n3 jR
j@3 8,j j@j j@3 iCM ~IL sc NRj ,Rq3a30 $w  ,UUCN< Iw3a. j@Cc
cLII LRnNj R8 iC˥Q Cc ,,3Uj$I3 N0 LRcj ICG3Iw CN0n,30 $w
RuC0jCRN nN03a jLRcU@3a3Y
b330 Iw3a 8Ra KNA;
BN  N3uj jj3LUj. s3 cUnjj3a30  PO j@C,G KNИYφ; j@CN ~ILc
RN  iCM $n{3a Iw3a RN K<Q N0 baiCQД cn$cjaj3cY i@3 03A
URcCjCRN j3LU3ajna3 R8 j@3 KNA; sc c3j jR  ˫%Y i@3 iCM
$n{3a Iw3a sc 03URcCj30 j  ˫% N0  ˫%Y 2,@ cLUI3 sc
,UU30 $w   PO j@C,G K<Q Iw3a jR Ua3q3Nj j@3 cj,G 8aRL
RuC0CyCN<Y 7C<na3 Ћϊ Ua3c3Njc j@3 a3cU3,jCq3 t`/ c,NcY 7Cacj s3
sCII jG3  ,IRc3a IRRG j cLUI3c sCj@  iCM 03URcCjCRN j3LU3aA
jna3 R8  ˫%Y i@3 a33u CNj3NcCjw R8 j@3 KNИYφ; Iw3ac RN K<Q
Cc IRs. RNIw j@3 8nN0L3NjI ۷ଓଓ U3G j  FGI Cc qCcC$I3Y
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7C<na3 Ћϊ- t`/ c,Nc R8 KNИYφ; j@CN ~ILc 03URcCj30 RN K<Q V<a33NW N0 baiCQД V$In3W cn$cjaj3c sCj@ iCM $n{3a
Iw3acY i@3 iCM 03URcCjCRN j3LU3ajna3 sc c3j jR କ଑ଖ ˫ஆ N0 ଙଔ଑ ˫ஆY i@3 KNИYφ; sc 03URcCj30 j ଖଖ଑ ˫ஆY
i@3a38Ra3. j@3 ܐ IjjC,3 ,RNcjNj Cc 03j3aLCN30 jR $3 ȔY BN
00CjCRN. j@3 8nN0L3NjI ۷ଔ a33u Cc Ua3c3Nj j  FGIY i@3
,Raa3cURN0CN< ܐ UaL3j3a Cc ȔY i@nc. jsR 0C{3a3Nj U@c3c
s3a3 R$jCN30Y ?Rs3q3a. j@3 NIR<Rnc cLUI3 RN baiCQД c@Rsc
 @C<@3a U3G CNj3NcCjwY i@3 cnU3a IjjC,3 VззЙW N0 8nN0L3NA
jI VззϊW a33u R8 j@3 ۷ଓଓ U@c3 a3 Ua3c3Nj j  FGI N0 FGIY i@nc. j@3 ܐ IjjC,3 ,RNcjNj Cc ȔY BN 00CjCRN. j@3
8nN0L3NjI۷ଔ a33u Cc 8RnN0 j  FGIY i@3 ccR,Cj30 ܐ UA
aL3j3a Cc ȔY bLUI3c s@3a3 j@3 iCMsc 03URcCj30 j  ˫%
3u@C$Cj \nCj3  0C{3a3Nj $3@qCRaY i@3 iCM $n{3a30KNИYφ; j@CN
~IL RN K<Q c@Rsc  IRs3a a33u CNj3NcCjw ,RLUa30 jR j@3 cLA
UI3 sCj@  iCM 03URcCjCRN j3LU3ajna3 R8  ˫%. j@3 KNИYφ;
j@C,GN3cc $3CN< j@3 cL3Y i@3 03j3aLCN30 RnjAR8AUIN3 IjjC,3
UaL3j3ac a3 ܐ۷଑ଝଝ  Ȕ N0 ܐ۷଑ଞ  ȔY i@3 cCLCIa
cLUI3 RN baiCQД a3q3Ic j@3۷ଓଓ cnU3a IjjC,3 N0 8nN0L3NjI
a33u3c N0 j@3 ۷ଔ 8nN0L3NjI U3GY i@3 ,Raa3cURN0CN< RnjA
R8AUIN3 IjjC,3 UaL3j3ac a3 ܐ۷଑ଝଝ  Ȕ N0 ܐ۷଑ଞ  ȔY
i@3 CNj3NcCjw R8 j@3 ۷ଔ a33u Cc 3cc3NjCIIw IRs3a ,RLUa30 jR
j@3 8RaL3a cLUI3 RN baiCQДY i@3 U3G URcCjCRNc a3 j j@3 cL3
N<I3c c 8Ra j@3 cLUI3 sCj@  iCM 03URcCjCRN j3LU3ajna3 R8 ˫% RN baiCQДY iR cnL nU. s3 ,@C3q30  j3ja<RNI 0CcjRaA
jCRN R8 j@3 KNИYφ; ,awcjI s@3N 03URcCj30 RN  iCM c330 Iw3aY
?Rs3q3a. 0n3 jR j@3 Ia<3 IjjC,3 LCcLj,@ $3js33N j@3 KNДAu;
,awcjI N0 j@3 iCM $n{3a s3 RNIw R$jCN30  LnIjCU@c3 cjan,A
jna3.  ,RL$CNjCRN R8 j@3 ۷ଓଓ N0 ۷ଔ U@c3cY 7Ra j@CN ~ILc
RN baiCQД cn$cjaj3c j@3 ۷ଔARa03a30 U@c3 ,RnI0 $3 03,a3c30
$w CN,a3cCN< j@3 03URcCjCRN j3LU3ajna3Y
iϑζ ϨΞόϩζАϔΫ ϿЁϱϿζЁАϔζЅ R8 j@3KNИYφ; j@CN ~ILcsCj@ iCM $n{3a
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7C<na3 Ћχ- ?wcj3a3cCc IRRUc 8Ra iCM $n{3a30 KNИYφ; j@CN ~ILc RN K<Q V<a33NW
N0 baiCQД V$In3W cn$cjaj3cY
ϺϊЎ K3cna30 j j@3 KuA
TIN,GABNcjCjnj3 8Ra +@3LA
C,I T@wcC,c R8 bRIC0c CN
/a3c03N
s3a3 CNq3cjC<j30 $w L3Nc R8 b[mB/ L3cna3L3NjcYϺϊЎ QNIw
j@3 cLUI3c sCj@  iCM 03URcCjCRN j3LU3ajna3 R8  ˫% s3a3
CNq3cjC<j30 0n3 jR j@3 @C<@3a ,awcjIICN3 Ra03aY BN 7C<na3 Ћχ
j@3 @wcj3a3cCc IRRUc 8Ra N RnjAR8AUIN3 ,RN~<najCRN a3 c@RsNY
#Rj@ @wcj3a3cCc IRRUc c@Rs j@3 Ua3qCRncIw L3NjCRN30 cj3U CN j@3
LERa IRRU V,8Y 7C<na3 ЙЋWY  a3IjCRN $3js33N j@3 cj3U @3C<@j N0
j@3 LRnNj R8 j@3 ۷ଔ U@c3 ,RnI0 NRj $3 03j3aLCN30Y i@3 ,R3aA
,CqCjw R8 iCM $n{3a30 KNA; ~ILc RN K<Q VbaiCQДW Cc 
 6
V
 6W N0 j@3 c\na3N3cc ajCR Cc 
 V
WY BN 00CA
jCRN. j@3 L<N3jCyjCRN qIn3c 0C{3a 8Ra cLUI3c RN K<Q N0
baiCQД cn$cjaj3Y r3 03j3aLCN30  qIn3 R8܀܆   M#O˥଒ RN
baiCQД N0  qIn3 R8܀܆   M#O˥଒ RN K<Q cn$cjaj3Y i@3
L<N3jCyjCRN 8Ra cLUI3c RN K<Q Cc  jCL3c @C<@3a j@N RN
baiCQД cn$cjaj3cY i@Cc 0Cc,a3UN,w Cc $c30 RN j@3 jsR ,awcjI
U@c3cY i@3 cLUI3 RN baiCQД c@Rs30 LRa3 0CcjCN,j۷ଓଓ U@c3
N0 j@3a38Ra3  @C<@3a ,RLU3NcjCRN R8 j@3 L<N3jC, LRL3Njc.
CY3Y. IRs3a N3j L<N3jCyjCRNY  \n3cjCRN j@j a3LCNc RU3N Cc
@Rs j@3 cnL R8 j@3 L<N3jCyjCRN R8 j@3 ۷ଓଓ U@c3 N0 j@3 ۷ଔ
U@c3 Cc cc3L$I30Y
+RN,IncCRN
r3cn,,3cc8nIIw Ua3Ua30 RnjAR8AUIN3L<N3jCy30KNДAu; V ̷ܤ ̷ W j@CN ~ILc sCj@ ۿ଑ Ra ۷ଓଓ ,awcjI cjan,jna3Y i@3 j@CN
~ILcs3a3L<N3jaRN cUnjj3a30 RNK<QN0 baiCQД cn$cjaj3c j
03URcCjCRN j3LU3ajna3c $3js33N  ˫% N0  ˫%Y i@3 cna8,3
aRn<@N3cc sc NIwy30 $w t``Y i@CN ~ILc RN K<Q N0 baiCQД
c@Rs30 j@3 IRs3cj aRn<@N3cc V$3IRs  POW s@3N Ua3Ua30 $w
οз
ϺϊЋ KY ;Ic 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ϺϺϊYϺο
VЙзϺЕW
03URcCjCRN 8aRL  KNωφ;φφ.  KNφе;φе Ra  KNЍе;ωе ,RLA
URcCj3 ja<3jY iR 03j3aLCN3 j@3 ,awcjI U@c3 s3 ,aaC30 Rnj
t`/ L3cna3L3NjcY  03,a3cCN< RnjAR8AUN3 IjjC,3 ,RNcjNj
sCj@ 03,a3cCN< KN ,RNj3Nj sc 8RnN0 8Ra $Rj@ ,awcjI U@c3cY
i@3 @C<@3cj ,awcjIICN3 Ra03a sc 8RnN0 8Ra cLUI3c 03URcCj30
8aRL  KNA; ,RLURcCj3 ja<3jY i@CN ~ILc 03URcCj30 RN baiCQД
cn$cjaj3c a3q3I30 @C<@3a ,awcjIICNCjw. CY3Y. IRs3a 7r?K N0
@C<@3a j3ujna30 Ra03a. ,RLUa30 jR cLUI3c RNK<QY i@Cc $3@qA
CRa Cc $c30 RN j@3 IRs3a IjjC,3 LCcLj,@ $3js33N baiCQД N0
KNДAu;Y i@3 L<N3jC, UaRU3ajC3c s3a3 CNq3cjC<j30 $w L3Nc
R8 b[mB/ L3cna3L3NjcY KNДAu; j@CN ~ILc sCj@ N ۿ଑ ,awcjI
U@c3 c@Rs30  ,RNcC03a$Iw @C<@3a L<N3jCyjCRN j@N ۷ଓଓA
Ra03a30 j@CN ~ILcY i@3 IRs3a L<N3jCyjCRN 03aCq3c 8aRL @C<@3a
03<a33 R8 ,RLU3NcjCRN R8 j@3 L<N3jC, LRL3Njc CN j@3 ۷ଓଓ
U@c3Y BN 00CjCRN. j@3 ,R3a,Cq3 ~3I0 sc IRs3a 8Ra ۿ଑AKNДAu;
j@CN ~ILcY i@3c3 cLUI3c ,RnI0 $3 cjnaj30 CN N CNAUIN3 ,RNA
~<najCRN sCj@  ~3I0 R8 aRnN0 6Y #w UUIwCN< j@3 bjRN3aA
rR@I8aj@ LR03I N NCcRjaRUw 3N3a<w ۾ R8 
  ଗ ,O˥ଔ
sc 03j3aLCN30Y i@3 8RaLjCRN R8 KN˥Q j j@3 KNДAu;gK<Q
CNj3a8,3 Cc  ,an,CI URCNj CN j@3 Ua3UajCRN R8 KiDȕcY 7Ra j@Cc
a3cRN. s3 CNq3cjC<j30 j@3 ,@3LC,I N0 L<N3jC, UaRU3ajC3c
j j@3 $aaC3a CNj3a8,3 $w tb N0 tK+/Y /C{3a3Nj ۿ଑A N0۷ଓଓARa03a30 KNДAu; j@CN ~ILc RN baiCQД cn$cjaj3c s3a3 3uA
LCN30 $w cna8,3Ac3NcCjCq3 jRjI 3I3,jaRN wC3I0Y i@3 tb c@Rs30
j@3 8RaLjCRN R8 KN˥Q j j@3 $aaC3a CNj3a8,3 8Ra 3,@ cLUI3Y
?Rs3q3a. cLUI3c Ua3Ua30 $w ,RA03URcCjCRN 8aRL KNA; ,RLA
URcCj3 ja<3j N0 N 00CjCRNI KN ja<3j a3q3I30 j@3 @C<@3cj
LRnNj R8 KN˥QY i@3 tK+/ cC<NI Cc LRa3 c3NcCjCq3 jR j@3
8RaLjCRN R8 KN˥QY Bj c@Rs30 j@3 @C<@3cj tK+/ cC<NI. CY3Y. j@3
IRs3cj LRnNj R8 KN˥Q 8Ra cLUI3c 03URcCj30 8aRL  KNφе;φе
ja<3jY #w UUIwCN< j@3 cnL anI3c RN j@3 R$jCN30 t N0 tK+/
cU3,ja j@3 L<N3jC, LRL3Nj ,RnI0 $3 03j3aLCN30Y r3 8RnN0
j@3 3uU3,j30 03,a3c3 R8 j@3 L<N3jC, LRL3Nj sCj@ CN,a3cCN<
KN ,RNj3NjY
BN 00CjCRN. s3 3uLCN30 j@3 ,RNc3\n3N,3c R8 j@3 CNc3ajCRN
R8  83aaRL<N3jC, Iw3a. +RA73A# N0 +RИ73I. $3js33N j@3 ۿ଑A
Ra03a30 KNДAu; Iw3a N0 j@3 K<Q $aaC3aYϺϊЋ r@3a3c j@3
cna8,3 aRn<@N3cc N0 ,awcjIICN3 Ra03a cjw30 nN{3,j30 j@3
8RaLjCRN R8 KN˥Q ,RnI0 $3 8naj@3a cnUUa3cc30Y 00CjCRNIIw.
$w ,@N<CN< j@3 03URcCjCRNL3j@R0 R8 j@3K<Q $aaC3a 8aRLL<A
N3jaRN cUnjj3aCN< jR 3A$3L 3qURajCRN j@3 LRnNj R8 KN˥Q
sc 8naj@3a 03,a3c30Y i@3 L<N3jC, RaC3NjjCRN R8 j@3 83aaRA
L<N3jC, CNc3ajCRN Iw3a Cc R8 UajC,nIa CNj3a3cjY #w ,aawCN<
οϺ
Ϻϊο bY FNC 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзϊYЙϺ VЙзϺϊW
Rnj 3I3L3NjAcU3,C~, @wcj3a3cCc IRRUc. s3 s3a3 $I3 jR 03j3aLCN3
 UaII3I IC<NL3Nj jR j@3 KNДAu; L<N3jC, LRL3Njc. 3q3N
8Ra  +RA73A# j@C,GN3cc R8  POY i@nc j@3 KNДAu; Iw3a ,jc
c  UCNNCN< Iw3a RN j@3 cR8jAL<N3jC, CNc3ajCRN Iw3aY 8j3a
j@3 ,@a,j3aCyjCRN R8 j@3 KNДAu; Iw3a @0 $33N ,RLUI3j30.
s3 Ua3Ua30 KiDȕc sCj@ N ۿ଑ARa03a30 $RjjRL 3I3,jaR03.  PO
+RA73A# CNc3ajCRN Iw3ac. N0  ]%Q2V_଒଑ ,RnNj3a 3I3,jaR03Y i@3
R$jCN30 jaNcURaj L3cna3L3Njc URCNj30 Rnj N CNAUIN3 ,RLA
URN3Nj R8 j@3 @a0 3I3,jaR03. CY3Y. j@3 ]%Q2V_଒଑ LnIjCIw3acY iR
Rq3a,RL3 j@Cc R$cj,I3 s3 a3UI,30 j@3 LnIjCIw3a 3I3,jaR03 $w
  PO j@C,G +RA73A# ~ILY i@j sw. 8naj@3a URcjANN3ICN<
sc a3\nCa30 jR R$jCN  U3aU3N0C,nIaIw L<N3jCy30 +RA73A#
j@CN ~IL. $nj URcjANN3ICN< IcR CN,a3c3c j@3 ,awcjIICNCjw R8 j@3
K<Q $aaC3aY i@3 ,@C3q30 iK` 3{3,j R8 j@Cc cj,G cjan,jna3 sc
La<CNIIw @C<@3a ,RLUa30 jR j@3 Ua3qCRnc cwcj3LY i@3 a3cRNc
8Ra j@3 IRs iK` 3{3,j a3 j@3 8RIIRsCN<- j `i j@3 jRU +RA73A#
3I3,jaR03 c@Rsc  cnU3aUaL<N3jC, cjj3. $w ,RRICN< 0RsN j@3
cLUI3 $3IRs j@3 $IR,GCN< j3LU3ajna3  83aaRL<N3jC, cjj3 sc
,@C3q30Y NRj@3a R$cj,I3 sc j@3 j3LU3ajna3 03U3N03N,3 R8
j@3 ,R3a,Cq3 ~3I0cY /n3 jR  ,aRccRq3a R8 j@3 ,R3a,Cq3 ~3I0c 0naA
CN< ,RRICN<. j@3 @a0 3I3,jaR03 $3,RL3c j@3 cR8j 3I3,jaR03 N0
qC,3 q3acY BN j@3 ,aRccRq3a a3<CL3 j@3 iK` 3{3,j ILRcj 0CcUA
U3acY ?Rs3q3a. 3q3N j  j3LU3ajna3 $Rq3 j@3 ,R3a,Cq3 ~3I0
,aRccRq3a N0 $3IRs j@3 cnU3aUaL<N3jC, cjj3 j@3 iK` 3{3,j
c@Rs30  LuCLnL qIn3 R8 RNIw Y i@3 ,nc3 R8 j@Cc IRs
iK` 3{3,j sc 03j3,j30 $w 2bY i@3 # R8 j@3 $RjjRL +RA73A#
Iw3a N0 j@3 KN N0 ; R8 j@3 KNДAu; 3I3,jaR03 0C{nc3 jR j@3
$aaC3a CNj3a8,3Y 7Ra j@Cc a3cRN.  Lj3aCI ,RL$CNjCRN sCj@
IRs cUCN URIaCyjCRN Cc N3uj jR j@3 $aaC3a N0 a30n,3c j@3 iK`
3{3,jY ?3N,3. s3 ,@N<30 j@3 83aaRL<N3jC, CNc3ajCRN Iw3aY N PO j@C,G +RИ73I Iw3a Rq3a,RL3c j@3 R$cj,I3 R8 # 0C{ncCRNY
#nj <CN j@3 R$jCN30 iK` ajCR sc RNIw  j -Y ?3a3
<CN.  0C{ncCRN R8 j@3 KN N0 ; sc R$c3aq30 qC 2bY
NRj@3a Cccn3 j@j c@RnI0 $3L3NjCRN30 Cc j@3 cjaw ~3I0 R8 j@3
KNA; 3I3,jaR03Y FNC 3j IYϺϊο a3URaj30 j@j j@3 cjaw ~3I0 8aRL
  PO+RA73A# 3I3,jaR03 {3,jc j@3  PO j@C,G +RA73A# ,RnNj3a
3I3,jaR03 j@j Cc c3Uaj30 $w   PO j@C,G K<Q Iw3aY i@3a38Ra3.
Cj Cc UIncC$I3 j@j   PO j@C,G @a0AL<N3jC, KNДAu; $RjjRL
3I3,jaR03 IcR CN0n,3c  cjaw ~3I0 j@j {3,jc j@3 cR8jAL<N3jC,
,RnNj3a 3I3,jaR03Y i@3 $RjjRL 3I3,jaR03 c3aq3c c  cnUUIw ICN3
8Ra j@3 UUIC30 qRIj<3Y 7Ra j@Cc a3cRN. j@3 3j,@CN< UaR,3cc 0naA
CN< j@3 Ua3UajCRN R8 j@3KiDȕc cjRUc 8j3a j@3K<Q $aaC3aY i@j
sw. j@3 a3 R8 j@3 $RjjRL 3I3,jaR03 Cc Ln,@ Ia<3a ,RLUa30
οЙ
ϺϊϮ Y MC3c3N 3j IY BN-
atCqYRa< VЙзϺχWY 3UaCNj-
S9SzYzfl9fql
jR j@j R8 j@3 ,RnNj3a 3I3,jaR03Y iR LG3 3j,@CN< j@aRn<@ j@3
$RjjRL 3I3,jaR03 URccC$I3.  ,RN0n,jCN< c330 Iw3a Cc a3\nCa30Y
iwUC,I $n{3a Iw3ac a3 +a N0 Tj 0n3 jR j@3 Lj,@CN< CNAUIN3
IjjC,3 ,RNcjNjY MRN3j@3I3cc. j@3 0C{ncCRN j3LU3ajna3 R8 j@3
+a Cc jRR IRs. N0 jR ,@C3q3  VззϺW RaC3Nj30 Tj Iw3a ,Ca,nLcjNA
jCI <aRsj@ ,RN0CjCRNc a3 N3,3ccawY i@3a38Ra3. s3 CNq3cjC<j30
iCMYϺϊϮ 2q3N j@Rn<@ j@3 IjjC,3 LCcLj,@ Cc aRnN0  j@3
@C<@ j@3aLI cj$CICjw. IRs a3cCcjCqCjw. N0 IRs cna8,3 aRn<@N3cc
LG3 iCM  UaRLCcCN< ,N0C0j3 jR c3aq3 c  c330 Iw3a CN KiDȕcY
?Rs3q3a. ~acj j@3 cjan,jnaI N0 3I3,jaC,I UaRU3ajC3c c s3II c
j@3 cna8,3 aRn<@N3cc @0 jR $3 03j3aLCN30Y 7Ra j@Cc a3cRN. s3
Ua3Ua30 iCM j@CN ~ILc RN K<Q N0 baiCQД cn$cjaj3c j qaCA
Rnc 03URcCjCRN j3LU3ajna3cY 8j3asa0c. j@3 cna8,3 aRn<@N3cc
sc 03j3aLCN30 qC t``Y i@3 R$jCN30 aRn<@N3cc qIn3c s3a3
$3IRs  POY t`/ L3cna3L3Njc s3a3 U3a8RaL30 jR 03j3aLCN3
j@3 ,awcjIICN3 UaRU3ajC3cY iaNcURaj L3cna3L3Njc c@Rs30  cnA
U3a,RN0n,jCN< cjj3 $3IRs - 03U3N0CN< RN j@3 03URcCjCRN j3LA
U3ajna3 N0 jwU3 R8 cn$cjaj3Y  aRRL j3LU3ajna3 a3cCcjCqCjw R8 čúEO RN K<Q sc q3aC~30 qC 8RnaAURCNj j3aLCNI jaNcA
URaj L3cna3L3NjcY i@3 8RaLjCRN R8 iC˥Q ,RnI0 $3 3u,In030
8Ra  03URcCjCRN j3LU3ajna3 R8  ˫% $w tbY 8j3asa0c. s3
Ua3Ua30 iCM $n{3a30 KNИYφ; j@CN ~ILc RN K<Q N0 baiCQДY
t`/ L3cna3L3Njc a3q3I30  LnIjCU@c3.  ,RL$CNjCRN R8 j@3۷ଓଓ N0 j@3 ۷ଔ ,awcjI cjan,jna3cY 7Ra j@Cc a3cRN. cLUI3c
RN K<Q c@Rs30 @C<@3a L<N3jCyjCRN ,RLUa30 jR cLUI3c RN
baiCQД 0n3 jR j@3 jsR ,awcjI cjan,jna3cY
οЕ
οϊ
Ϻχз #Y #IG3 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϮзYϺχ VЙззЋWd
DY rCNj3aICG 3j IY BN- T@wcC,I
`3qC3s # ЋЋYχ VЙззοW
ϺχϺ pY ICENC 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϮϮYЙЙ VЙзϺϺW
ϺχЙ pY ICENC 3j IY BN- UA
UIC30 T@wcC,c H3jj3ac ϮϮYЙЙ
VЙзϺϺW
i@3 j3aNawKNA+RA; ,RLURnN0
BN j@Cc ,@Uj3a s3 jj3N0 jR j@3 Ua3UajCRN R8 KNДAu+Ru; V ̷ܤ ̷ W j@CN ~ILcY r3 CNq3cjC<j30 j@3 ,awcjIIR<aU@C, cjan,jna3
N0 L<N3jC, UaRU3ajC3c R8 j@CN ~ILc sCj@  ,n$C, N0  j3ja<RNIIw
0CcjRaj30 ,awcjI U@c3Y i@3 $aaC3a CNj3a8,3 sc NIwy30 sCj@ a3<a0
jR ~IL aRn<@N3cc N0 j@3 8RaLjCRN R8 KN˥Q CN qC3s R8 j@3 CNj3N030
CNj3<ajCRN CNjR KiDȕcY
bjRC,@CRL3jaw 03U3N03N,3
BN j@3 Ua3qCRnc ,@Uj3a j@3 j3ja<RNIIw 0CcjRaj30 ۿ଑ N0 ۷ଓଓ
U@c3c R8 j@3 KNДAu; ,RLURnN0 s3a3 CNq3cjC<j30Y mN8RajnA
Nj3Iw. j@3 8nIIw ,RLU3Ncj30. @I8AL3jIIC, UaRU3ajC3c R8 j@3۷ଔAKNД; U@c3 0CLCNCc@ 0naCN< j3ja<RNI 0CcjRajCRN CNjR j@3۷ଓଓAU@c3Y i@nc  j@3Ra3jC,IIw Ua30C,j30 cUCN URIaCyjCRN R8 N0  L<N3jC, LRL3Nj R8 čஅ sc a3URaj30YϺχз bn$cjCA
jnjCRN R8 KN jRLc $w +R sCII 03,a3c3 j@3 L<N3jC, LRL3Nj
0n3 jR  @C<@3a ,RLU3NcjCRNY ICENC 3j IYϺχϺ a3URaj30  IRs3a
L<N3jC, LRL3Nj 8Ra KNИYЊ+RеYД; j@N 8Ra KNД;Y 00CjCRNA
IIw. j@3w 03j3aLCN30  +naC3 j3LU3ajna3 $3js33N  ˫% N0 ˫%. 03U3N0CN< RN j@3 +R ,RNj3NjY i@3 L<N3jCyjCRN 0Ca3,A
jCRN Cc ,@N<30 8aRL CNAUIN3 jR RnjAR8AUIN3 $w CN,a3cCN< j@3
KN ,RNj3Nj N0 03,a3cCN< j@3 +R ,RNj3NjYϺχЙ i@3 cR8jAL<N3jC,
KNДAu+Ru; Iw3a sCj@ N CNAUIN3 L<N3jCyjCRN 0Ca3,jCRN R,A
,nac 8Ra ܤ   V,n$C, cjan,jna3WY 7Ra   ܤ ̷  j@3 @a0A
L<N3jC, ۷ଓଓ cjan,jna3 sCj@  L<N3jCyjCRN 0Ca3,jCRN U3aU3NA
0C,nIa jR j@3 ~IL UIN3 Cc R$jCN30Y 7Ra j@Cc a3cRN. j@3 ,awcjI
UaRU3ajC3c 03U3N0 RN j@3 KN jR +R ,RN,3NjajCRNY i@3 ,3II qRIA
nL3 R8 j@3 ,n$C, U@c3 03,a3c3c sCj@ CN,a3cCN< +R ,RNj3Nj 0n3
jR j@3 IRs3a jRLC, a0Cnc ,RLUa30 jRKNY i@3 j3ja<RNI U@c3
a3q3Ic N ILRcj ,RNcjNj ,3II qRInL3 $3,nc3 sCj@ 03,a3cCN<
+R ,RNj3Nj j@3 ܐ IjjC,3 ,RNcjNj CN,a3c3c N0 j@3 ܎ IjjC,3 ,RNA
cjNj 03,a3c3cY i@3 CNAUIN3 IjjC,3 ,RNcjNj aN<3c 8aRL Ȕ
ϺχЕ K<N3jC, LRL3Nj j ଖஎ
Ϻχϊ iY Fn$Rj 3j IY BN- DRnaA
NI R8 UUIC30 T@wcC,c ϺϺχYϺЋ
VЙзϺϊW
Ϻχχ BN s@j 8RIIRsc. s3 sCII
RNIw a383a jR j@3 KNA;
ja<3j nc30Y
8Ra ,n$C, ,awcjIc jR Ȕ 8Ra j3ja<RNI cjan,jna3cY i@3 RnjAR8A
UIN3 IjjC,3 ,RNcjNj R8 j@3 j3ja<RNI U@c3 Cc aRnN0 ȔY
HCG3 j@3 ,awcjI cjan,jna3 j@3 L<N3jC, UaRU3ajC3c 03U3N0 RN j@3
cjRC,@CRL3jawY bjajCN< sCj@  jRjI L<N3jC, LRL3Nj R8 čஅ 8Ra
KNИ+R; j@3 LRL3Nj 03,a3c3c jR  čஅ 8Ra KNИYЍ+RеYω;YϺχЕ
?3N,3.  @C<@3a ,RLU3NcjCRN R8 j@3 L<N3jC, LRL3Njc Cc 8RnN0
8Ra KN aC,@ cjan,jna3cY iK` 3{3,jc R8  s3a3 ~acj a3URaj30 $w
Fn$Rj 3j IYϺχϊ 8Ra KNA+RA; $c30 KiDȕcY i@3 a3URaj30 cj,G
cjan,jna3 sc K<Qg +a V POWg KNИYД+RеYω;ϹYД V POWg K<
V POWg K<Q V POWg +RИе73Ѝе#Ие V POWg i V POWg `n
V POWY
KNДAu+Ru; a3q3Ic UaRU3ajC3c cCLCIa jR KNДAu;. s@3a3c
j@3 +naC3 j3LU3ajna3 Cc @C<@3a N0 j@3 L<N3jC, LRL3Nj Cc
IRs3aY i@3a38Ra3. j@3 j3ja<RNIIw 0CcjRaj30 ۷ଓଓ U@c3 Cc N
ncUC,CRnc ,N0C0j3 8Ra c3aqCN< c N 3I3,jaR03 CN KiDȕcY
Bϩ Ξ υϔЁЅА ΞААζϨϿА Чζ ϿЁζϿΞЁζβ KNДAu+Ru; j@CN ~ILc sCj@ jsR
0C{3a3Nj ,RLURcCjCRNcY 7Ra j@Cc UnaURc3s3 ,RAcUnjj3a30 Rna j@CN
~ILc 8aRL  KNωφ;φφ Ra  KNЍе;ωе ,RLURcCj3 ja<3j jR<3j@3a
sCj@  KN N0  +R ja<3jYϺχχ #w ,@N<CN< j@3 URs3a UUIC30 jR
3,@ ja<3j j@3 cjRC,@CRL3jawsc qaC30Y bCN,3 j@3 CNAUIN3 IjjC,3
,RNcjNj Cc cCLCIa jR KNДAu;. s3 nc30 K<Q VззϺW N0 baiCQД
VззϺW cn$cjaj3cY i@3 03URcCjCRN j3LU3ajna3 sc $3js33N  ˫%
N0  ˫%Y 8j3asa0c j@3 cLUI3c s3a3 ,RRI30 0RsN jR aRRL
j3LU3ajna3 N0 ,UU30 $w   PO j@C,G K<Q Iw3aY BN j@j
sw. j@3 cj,G sc Ua3q3Nj30 8aRL RuC0CyCN< N0 j@3 CNn3N,3
R8 j@3 $aaC3a RN j@3 $RjjRL 3I3,jaR03 ,RnI0 $3 CNq3cjC<j30Y i@3
cjRC,@CRL3jaw R8 Rna j@CN ~ILc sc 03j3aLCN30 qC t`7 L3cna3A
L3NjcY t`` N0 t`/ CNq3cjC<jCRNc s3a3 U3a8RaL30 jR NIwy3
j@3 cna8,3 aRn<@N3cc N0 ,awcjIIR<aU@C, U@c3Y i@3 L<N3jC,
UaRU3ajC3c s3a3 3uLCN30 $w L3Nc R8 pbK. 3I3L3NjAcU3,C~,
@wcj3a3cCc IRRUc R$jCN30 j #H ЎYЕYϺ. N0 b[mB/ L3cna3L3NjcY
7CNIIw. j@3 KNA+RA;gK<Q CNj3a8,3 sc CNq3cjC<j30 $w tb
N0 tK+/Y
tAaw nRa3c,3N,3 L3cna3L3Njc
/C{3a3Nj ,RLURcCjCRNc s3a3 R$jCN30 $w 0EncjCN< j@3 UUIC30
URs3a j j@3 a3cU3,jCq3 ja<3jcY t`7 L3cna3L3Njc CN  ?3 jA
LRcU@3a3 s3a3 ,aaC30 Rnj jR 03j3aLCN3 j@3 cjRC,@CRL3jawY BN iA
$I3 Ϻϊ j@3 CNq3cjC<j30 j@CN ~ILc a3 ICcj30Y #w ncCN< j@3KNЍе;ωе
ja<3j Cj sc URccC$I3 jR IRs3a j@3 URs3a UUIC30 jR j@3 KN N0
+R ja<3j $w  8,jRa R8 jsRY
οЎ
KNA; KN +R ,RLURcCjCRN cn$cjaj39 9 9 KNИYД+RеYЊ; baiCQД9 9 9 KNИYЊ+RеYД; baiCQД9 9 9 KNИYЍ+RеYД; baiCQД
i$I3 Ϻϊ- Qq3aqC3s R8 j@3 Ua3Ua30 cLUI3c N0 j@3Ca cjRC,@CRL3jawY i@3 jRU 8Rna
cLUI3c s3a3 cUnjj3a30 8aRL KNωφ;φφ ja<3j N0 N 00CjCRNI KN N0 +R jaA
<3jY i@3 $RjjRL cLUI3 sc Ua3Ua30 8aRL  KNЍе;ωе ja<3j N0 N 00CjCRNI
KN N0 +R ja<3jY i@3 cjRC,@CRL3jaw sc 03j3aLCN30 $w t`7 L3cna3L3NjcY
ϺχЎ ?C<@ 3aaRac 0n3 jR j@3
IRs NnL$3a R8 Rc,CIIjCRNcY
tAaw a33,jCqCjw CNq3cjC<jCRNc
BN 7C<na3 ЋЎ j@3 t`` c,Nc R8 KNИYД+RеYЊ; RN K<Q N0 baiCQД
c s3II c KNИYЊ+RеYД; RN K<Q N0 baiCQД a3 CIIncjaj30Y i@3
$c3N,3 R8 FC3ccCN< 8aCN<3c CN j@3 t`` c,N R8 j@3 KNИYД+RеYЊ;
cLUI3c a3q3I  @C<@ cna8,3 aRn<@N3ccY Bj Cc NRj URccC$I3 jR
~j j@3 R$jCN30 c,Nc N0 03j3aLCN3 j@3 ~IL j@C,GN3cc. cna8,3
aRn<@N3cc N0 03NcCjwY i@3 KNИYЊ+RеYД; j@CN ~ILc RN K<Q
N0 baiCQД c@Rs jsR jR j@a33 0CcjCN,j Rc,CIIjCRNcY #w ~jjCN<
j@3 c,Nc qC Taajj I<RaCj@L s3 R$jCN30  ~IL j@C,GN3cc R8
aRnN0 
 PO RN baiCQД N0 
 PO RN K<QY BN 00CjCRN.
 ~IL aRn<@N3cc R8 
 PO RN baiCQД N0 
 PO RN K<Q
sc 03j3aLCN30YϺχЎ i@3 @C<@ cna8,3 aRn<@N3cc ,Raa3cURN0c s3II
jR j@3 a3cnIjc R$jCN30 8Ra ,RA03URcCj30 KNДAu;Y i@3a38Ra3. 0A
0CjCRNI 3qC03N,3 sc 8RnN0 8Ra  ,RA03URcCjCRN CN0n,30 cna8,3
aRn<@N3ccY +RNc3\n3NjIw. j@3 CNj3<ajCRN R8 j@3c3 j@CN ~ILc CNjR
KiDȕc Cc 0C|,nIjY i@3 @C<@ aRn<@N3cc R8 j@3 $RjjRL 3I3,jaR03
a3cnIjc CN L3jIIC, UCN@RI3c j@aRn<@ j@3 $aaC3a N0 j@nc  jnNN3I
3{3,j Cc NRj URccC$I3Y ?Rs3q3a. jR IRs3a j@3 cna8,3 aRn<@N3cc s3
@q3 jRLCNCLCy3 j@3 URs3a R8 j@3KN N0+R ja<3j 0naCN< j@3 ,RA
03URcCjCRN UaR,3ccY 7Ra j@j a3cRN. s3 nc30 KNЍе;ωе ja<3j jR
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7C<na3 ЋЎ- t`` c,Nc R8 j@3 VW KNИYД+RеYЊ; N0 V$W KNИYЊ+RеYД; RN K<Q V<a33NW N0 baiCQД V$In3W cn$cjaj3cY
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2θ (deg)
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7C<na3 ЋЋ- t`` c,Nc R8 KNИYЍ+RеYД; j@CN ~ILc 03URcCj30 j ଖ଑଑ ˫ஆ RN K<Q
V<a33NW N0 baiCQД V$In3WY ?3a3  KNЍе;ωе ja<3j sc nc30Y
,@C3q3  @C<@3a KN ,RN,3NjajCRN N0 j@3a38Ra3  IRs3a URs3a
UUIC30 jR j@3KN ja<3j Cc a3\nCa30Y 7C<na3 ЋЋ CIIncjaj3c j@3 t``
c,Nc R8 KNИYЍ+RеYД; j@CN ~ILc 03URcCj30 RN K<Q N0 baiCQД
j  ˫%Y i@3 R$jCN30 ~IL j@C,GN3cc RN baiCQД sc 
 PO
N0 j@3 aRn<@N3cc 
 POY iR <CN CNcC<@j CNjR j@3 3{3,j R8
j@3 03URcCjCRN j3LU3ajna3 RN j@3 ~IL UaRU3ajC3c. s3 Ua3Ua30
KNИYЍ+RеYД; j@CN ~ILc j @C<@3a j3LU3ajna3c RN baiCQДY i@3
qIn3c R$jCN30 8aRL j@3 t`` ~j a3 CIIncjaj30 CN 7C<na3 ЋοY i@3
~IL j@C,GN3cc CN,a3c3c sCj@ CN,a3cCN< 03URcCjCRN j3LU3ajna3.
s@3a3c j@3 03NcCjw 03,a3c3cY ?Rs3q3a. j@3 aRn<@N3cc c@Rsc 
LCNCLnL qIn3 j  ˫%Y i@3a38Ra3. j@3 KNИYЍ+RеYД; j@CN ~IL
03URcCj30 j  ˫% Cc  UaRLCcCN< ,N0C0j3 8Ra nc3 c $RjjRL
3I3,jaR03 CN KiDȕcY
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7C<na3 Ћο- i3LU3ajna3 03U3N03N,3 R8 j@3 VW ~IL j@C,GN3cc. V$W aRn<@N3cc N0 V,W j@3 03NcCjw R8 KNИYЍ+RеYД;
j@CN ~ILc RN baiCQДY i@3 cLUI3c s3a3 Ua3Ua30 8aRL  KNЍе;ωе ja<3j N0 00CjCRNI KN N0 +R ja<3jcY
οο
ϺχЋ pY ICENC 3j IY BN- UA
UIC30 T@wcC,c H3jj3ac ϮϮYЙЙ
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U3ajna3 sc  ˫%Y i@3 j@CN ~IL RN K<Q c@Rsc RNIw a33u3c
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U@C, cjan,jna3
V,8Y 7C<na3 οϺWY i@3 03URcCjCRN j3LU3ajna3 R8 j@3 KNИYЍ+RеYД;
j@CN ~IL sc ,@Rc3N jR $3  ˫% CN Ra03a jR R$jCN  IRs cna8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 LuCLnL
j  ˫%. j@3 0j 8aRL ICE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IYϺЎϊ 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L3 aN<3Y
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N0 j@3 @C<@3cj j3ujna30 Ra03a a3 8RnN0 8Ra
 03URcCjCRN j3LU3ajna3 R8  ˫%Y i@3a38Ra3  ,Raa3IjCRN $3A
js33N j@3 03URcCjCRN j3LU3ajna3 N0 j@3 ,n$C, 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<RNI
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 c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LUI3
cna8,3Y
7Cacj s3 CNq3cjC<j30 j@3 ,n$C, KNИYД+RеYЊ; ,RLURnN0 RN
K<Q N0 baiCQД c 8RIIRscY 7C<na3 οϊ CIIncjaj3c j@3 a3cU3,jCq3
CNAUIN3 N0 RnjAR8AUIN3L<N3jCyjCRN IRRUcY i@3 R$jCN30 @wcA
j3a3c3c c@Rs  cR8jAL<N3jC, ,@a,j3aY i@3 RnjAR8AUIN3 N0 CNA
UIN3 ,naq3c 3u@C$Cj j@3 cL3 ,R3a,CqCjw R8 
1G 8Ra j@CN ~ILc
RN K<Q N0 
1G 8Ra j@CN ~ILc RN baiCQД cn$cjaj3cY i@Cc
$3@qCRa nN03aICN3c j@3 cR8jAL<N3jC, \nICjC3c R8 j@3 KN URRa
KNA+RA; ,RLURnN0Y Uaj 8aRL j@3 ,n$C, cjan,jna3. s3 CNq3cA
jC<j30 j@3 j3ja<RNIIw 0CcjRaj30 U@c3Y 7C<na3 οχ 03UC,jc j@3 03A
j3aLCN30 3I3L3NjAcU3,C~, @wcj3a3cCc IRRUc R8 KNИYЊ+RеYД; j@CN
~ILc. Ua3Ua30 8aRL j@3 KNωφ;φφ ja<3j. RN K<Q N0 baiCQДY
i@3 @wcj3a3cCc IRRUc CN0C,j3  @a0AL<N3jC, $3@qCRa sCj@ N
RnjAR8AUIN3 ,R3a,Cq3 ~3I0 R8 
 6 8Ra $Rj@ cLUI3cY
i@3 L<N3jCyjCRN R8 N NIR<Rnc cLUI3 RN K<Q. $nj 03A
URcCj30 8aRL  KNЍе;ωе ja<3j. CY3Y.  KNИYЍ+RеYД; Iw3a sc
CNq3cjC<j30 $w b[mB/ L3cna3L3NjcY i@3 0CAgUaL<N3jC,
$,G<aRnN0 sc cn$ja,j30 $w cn$ja,jCRN R8  ICN3Y 7C<na3 οЎ
03UC,jc j@3 R$jCN30 L<N3jCyjCRN IRRUY i@3 c@U3 R8 j@3 LA
ERa IRRU c@Rsc jsR nN3uU3,j30 83jna3c j@j a3 LaG30 $w a30
aaRscY +RLUaCN< j@3 c@U3 R8 j@3 IRRU sCj@ j@j R8 j@3 LERa
IRRUc R$jCN30 8Ra ۷ଓଓAKNДAu; V,8Y 7C<na3 ЙЋ V$WW s3 c33 N CNA
q3aj30 $3@qCRaY j y3aR ~3I0 j@3L<N3jCyjCRN R8 j@3KNA+RA;
cLUI3 CN,a3c3c. s@3a3c j@3 L<N3jCyjCRN R8 j@3 KNДAu;
cLUI3 03,a3c3cY i@3 cj3U CN j@3 @wcj3a3cCc R8 j@3 KNДAu; sc
jjaC$nj30 jR  c3,RN0. cR8jAL<N3jC, U@c3Y  c3,RN0 U@c3 j@j
a3cnIjc CN  @C<@3a L<N3jCyjCRN j y3aR ~3I0. ICG3 c33N CN j@3
LERa IRRU R8 j@3 KNA+RA;. Cc @C<@Iw CLUIncC$I3Y i@3 RNIw
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7C<na3 οЎ- ?wcj3a3cCc IRRU R8  ଔଙଖ଑
ଖ ିା j@C,G KNИYЍ+RеYД; j@CN ~IL RN K<Q
03URcCj30 j ଖ଑଑ ˫ஆY mN3uU3,j30 cj3Uc a3 Ua3c3Nj CN j@3 L<N3jCyjCRN IRRU
VCN0C,j30 $w a30 aaRscWY
ϺЎο DY rCNj3aICG 3j IY BN-
T@wcC,I `3qC3s # ЋЋYχ VЙззοW
ϺЎϮ pY ICENC 3j IY BN- UA
UIC30 T@wcC,c H3jj3ac ϮϮYЙЙ
VЙзϺϺW
ϺЋз pY ICENC 3j IY BN- UA
UIC30 T@wcC,c H3jj3ac ϮϮYЙЙ
VЙзϺϺW
ϺЋϺ bY Qna0C 3j IY BN- UA
UIC30 T@wcC,c H3jj3ac ϺзϺYЙϊ
VЙзϺЙW
a3cRN$I3 3uUINjCRN Cc N CN,Raa3,j L3cna3L3NjY
i@3 ,R3a,Cq3 ~3I0 Cc 3cjCLj30 jR 
 M1G N0 Cc 3\nI jR
j@j R8 j@3 KNИYЊ+RеYД; j@CN ~ILcY i@3 L<N3jCyjCRN Cc 03A
j3aLCN30 jR 
 M#O˥଒ j @C<@ ~3I0 N0 
 M#O˥଒ j y3aR
~3I0Y i@3c3 qIn3c a3 IRs CN ,RLUaCcRN jR j@3 L<N3jCyjCRN
qIn3c R8 j@3KNДAu; cLUI3cY i@3a38Ra3 j@3 R$jCN30 a3cnIjc ,RaA
a3cURN0 jR j@3 a3URaj30 0j 8aRLrCNj3aICG 3j IYϺЎο 8Ra KNДAu;
N0 ICENC 3j IYϺЎϮ 8Ra KNA+RA;Y ICENC 3j IYϺЋз a3URaj30 
IRs3a L<N3jC, LRL3Nj 8Ra KNA+RA; $nIG cLUI3c ,RLUa30
jR KNД;Y rCj@ CN,a3cCN< +R ,RNj3Nj j@3 L<N3jC, LRL3Nj 03A
,a3c3c. s@3a3c j@3 L<N3jC, LRL3Nj CN,a3c3c 8j3a jaNcCjCRN
CNjR j@3 ,n$C, U@c3Y 00CjCRNIIw. Qna0C 3j IY a3URaj30  IRs
L<N3jC, LRL3Nj R8  čஅ 8Ra  KNИYЍ+RеYД;ϹYϹ j@CN ~IL RN
K<QYϺЋϺ 7Ra j@3 ,n$C, U@c3  jwUC,I bIj3aATnICN< jwU3 $3@qA
CRa sc a3URaj30 N0 8Ra j@3 j3ja<RNI U@c3  ICN3a 03U3N03N,w
,,Ra0CN< jR ܙܠܒܠܞ܎   ˥ ܤ. sCj@ ܤ j@3 +R ,RN,3NjajCRNY
bR8j uAaw $cRaUjCRN cU3,jaRc,RUw
i@3 ,@3LC,I N0 L<N3jC, UaRU3ajC3c s3a3 CNq3cjC<j30 $w tb
N0 tK+/ L3cna3L3Njc j #H ϊYзYЙ N0 #H ЎYЕYϺ j j@3 Hb
CN #3aG3I3w. +IC8RaNCY 7C<na3 οЋ CIIncjaj3c j@3 3I3L3Nj cU3,C~,
t N0 tK+/ cU3,ja R8  KNИYД+RеYЊ; j@CN ~IL RN K<QY i@3
KNA N0 +RAcU3,ja s3a3 R$jCN30 $w $nIGAc3NcCjCq3 HKLR03 j
`iY  cna8,3Ac3NcCjCq3 i2v L3cna3L3Nj ,RnI0 NRj $3 R$jCN30
0n3 jR j@3 NRNA,RN0n,jCN< j@CN ~IL CN0n,30 $w j@3 @C<@ cna8,3
aRn<@N3ccY #Rj@ cU3,ja s3a3 NRaLICy30 jR j@3 URcjA30<3 EnLU
@3C<@jY i@3 KNAcU3,janL c@Rsc jsR 00CjCRNI 83jna3c VCN0CA
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7C<na3 οЋ- i@3 $nIGAc3NcCjCq3 VW KNA N0 V$W +RAt cU3,ja N0 j@3 ,Raa3cURN0CN< V,W KNA V0W N0 +RAtK+/
cU3,ja R8  KNИYД+RеYЊ; j@CN ~IL RN K<QY i@3 $cRaUjCRN cU3,ja a3 NRaLICy30 jR j@3 URcjA30<3 EnLU @3C<@j
Vন  ଒WY i@3 a30 aaRsc CN0C,j3 nN3uU3,j30 83jna3cY i@3 cLUI3 sc L3cna30 j #H ϊYзYЙY
ϺЋЙ DY b,@LI@Racj 3j IY BN-
T@wcC,I `3qC3s # ЋзYЙ VЙззϊW
ϺЋЕ /Y 2$G3 3j IY BN- B222
iaNc,jCRNc RN K<N3jC,c
ϊЎYЎ VЙзϺзW
ϺЋϊ KY K3CN3aj 3j IY BN-
T@wcC,I `3qC3s # οϊYϺЕ
VЙзϺϺW
ϺЋχ Ta3Ua30 8aRL j@3
KNωφ;φφ ja<3j
,j30 $w aaRscWY i@3 83jna3 j U@RjRN 3N3a<C3c $Rq3 j@3 ۿଔ
a3cRNN,3 ,RnI0 $3 N CN0C,jRa R8 j@3 8RaLjCRN R8 KN˥Q. $nj
j@Cc 030n,jCRN Cc \n3cjCRN$I3Y i@3 c3,RN0 83jna3 Cc CN0n,30
$w  c3,RN0 Ra03a K< U3G V۾଒   G8W. ,nc30 $w @C<@3a
Ra03a ,RNjaC$njCRNc R8 j@3 $3LICN3 N0 j@3 K<Q cn$cjaj3Y N
00CjCRNI 83jna3 Cc IcR 8RnN0 CN j@3 +RAcU3,janL j N 3NA
3a<w $Rq3 j@3 ۿଔA30<3 V,8Y 7C<na3 οЋ V$WWY ?Rs3q3a. j@3 c@U3 R8
j@3 cU3,janL 0C{3ac 8aRL j@j R8 Una3 +R $nj Cc IcR CN,RLUjA
C$I3 sCj@ j@3 jwUC,I LnIjCUI3j cjan,jna3 R8 +R˥QY b,@LI@Racj
3j IYϺЋЙ a3URaj30  cCLCIa $3@qCRa CN +RИKNbC N0 2$G3 3j IYϺЋЕ
CN +RИ73I ?3ncI3a ,RLURnN0cY #Rj@ jjaC$nj30 j@3 83jna3 jR
Ra03a30 CNj3a8,CI cUCNcY i@nc  ,3ajCN jRLC, N0 L<N3jC,
Ra03a R8 j@3 KNИYД+RеYЊ; Cc 03j3aLCN30Y 7C<na3 οЋ V,W c@Rsc j@3
KNAtK+/ cU3,janL. 00CjCRNI 83jna3c s3a3 8RnN0 c a3URaj30
$w K3CN3aj 3j IYϺЋϊ 8Ra KNИ+R; j@CN ~ILc N0 jjaC$nj30 jR
$N0 cjan,jna3 3{3,jcY #w ,RLUaCN< j@3 KNA N0 +RAtK+/
cU3,ja. s3 ,RnI0 0as ,RN,IncCRNc $Rnj j@3 a3IjCq3 RaC3NjA
jCRN R8 j@3 L<N3jC, LRL3NjcY ?3a3. j@3 V3{3,jCq3W KN N0 +R
L<N3jC, LRL3Njc a3 UaII3IAIC<N30 V,8Y 7C<na3 οЋ V0WWY
BN 00CjCRN. s3 @q3 CNq3cjC<j30۷ଓଓARa03a30 KNИYЊ+RеYД;
j@CN ~ILc RNK<QN0 baiCQД cn$cjaj3cYϺЋχ i@Cc jCL3 j@3 cna8,3A
c3NcCjCq3 i2v LR03 sc nc30Y BN 7C<na3 οο j@3 R$jCN30 t N0
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7C<na3 οο- VW KN N0 V$W +R t cU3,ja N0 j@3 ,Raa3cURN0CN< V,W KN V0W +R tK+/ cU3,ja R8 KNИYЊ+RеYД; j@CN
~ILc RN K<Q V<a33NW N0 baiCQД V$In3WY i@3 w3IIRs ICN3 CN V0W @c $33N CNc3aj30 jR <nC03 j@3 a303aȕc 3w3Y i@3
cLUI3c s3a3 L3cna30 j #H ЎYЕYϺY
ϺЋЎ #3,nc3 R8 j@3 NRCcw
tK+/ cC<NI.  ,I,nIjCRN
R8 j@3 L<N3jC, LRL3Nj $w
j@3 cnL anI3c sRnI0 CNqRIq3
 @C<@ 3aaRa aj3Y
tK+/ cU3,ja a3 03UC,j30Y i@3 KNAtb sc NRaLICy30 jR
j@3 URcjA30<3 EnLU @3C<@j. CY3Y. ন   V,8Y 7C<na3 οο VWWY i@3
83jna3 j U@RjRN 3N3a<C3c $Rq3 j@3 ۿଔA30<3 Cc ,I3a 3qC03N,3 R8
j@3 8RaLjCRN R8 KN˥QY i@CN ~ILc RN $Rj@ cn$cjaj3c c@Rs j@Cc
00CjCRNI 83jna3Y i@3 cU3,janL Cc NRj 0CcjCN,j 3NRn<@ jR 0CcA
jCN<nCc@ $3js33N KNQ. KNQИ. N0 KNИQДY i@3 ,Raa3cURN0CN<
KNAtK+/ cU3,janL Cc NRCcw sCj@ 00CjCRNI cUCG3cY ?Rs3q3a. 
\nICjjCq3 Ua30C,jCRN $Rnj j@3L<N3jC, LRL3Nj ,RnI0 $3L03
$w ,RLUaCN< j@3 LUICjn03 R8 j@3 tK+/ cC<NI NRaLICy30 RN
j@3 ۿଔA30<3 @3C<@jYϺЋЎ i@3L<N3jC, LRL3Nj R8 j@3KNИYЊ+RеYД;
j@CN ~IL 03URcCj30 RN baiCQД Cc @C<@3a ,RLUa30 jR j@j R8 j@3
~IL RN K<QY KRcj ICG3Iw. j@3 IRs3a L<N3jC, LRL3Nj Cc $c30
RN j@3 @C<@3a LRnNj R8 KN˥Q 8Ra j@3 cLUI3 RN K<QY i@Cc
,Raa3IjCRN $3js33N j@3 L<N3jC, LRL3Nj N0 j@3 LRnNj R8
KN˥Q @c $33N c@RsN Ua3qCRncIw 8Ra KNДAu; j@CN ~ILcY BN 7C<A
na3 οο V$W j@3 +R $cRaUjCRN cU3,ja a3 CIIncjaj30Y i@3 cU3,ja
s3a3 NRaLICy30 jR nNCjw 8Ra 3N3a<C3c IRs3a j@N j@3 ۿଔA30<3Y
i@3 cC<NI cja3N<j@c a3 IRs3a ,RLUa30 jR j@3 KN cC<NIc 0n3 jR
j@3 cLII LRnNj R8 +R CN j@3 cLUI3cY ?3N,3. j@3 ,Raa3cURN0CN<
tK+/ cC<NIc a3 3q3N NRCcC3a N0  03j3aLCNjCRN R8 j@3 L<A
N3jC, LRL3Nj Ra N 3cjCLjCRN. c 0RN3 8Ra KN. Cc NRj URccC$I3Y
?Rs3q3a. j@3 c@U3 R8 j@3 tK+/ cC<NI Vw3IIRs ICN3 8Ra ,IaC~,A
ϮЋ
jCRNW a3q3Ic NjC83aaRL<N3jC, ,RnUICN< $3js33N j@3 KN N0 +R
L<N3jC, LRL3Njc 8Ra j@3 j@CN ~IL RN baiCQДY i@3 cC<NI R8 j@3
KNA+RA; Iw3a RN K<Q Cc jRR NRCcw jR LG3 N 3cjCLjCRN R8
j@3 IC<NL3Nj R8 j@3 L<N3jC, LRL3NjcY i@3 NjC83aaRL<N3jC,
,RnUICN< Cc j@3 a3cRN 8Ra j@3 IRs3a L<N3jC, LRL3Nj CN j@3۷ଓଓ
,awcjI cjan,jna3Y i@3a38Ra3. j@3 CNj3N030 ,RLU3NcjCRN R8 j@3
L<N3jC, LRL3Nj @c $33N ,@C3q30Y i@Cc Cc  <RR0 3uLUI3
R8 j@3 ,ncjRLCy$I3 UaRU3ajC3c R8 ?3ncI3a ,RLURnN0c N0 j@3
a3cRN 8Ra j@3Ca @C<@ UUIC,$CICjwY
73aaRL<N3jC, CNj3aIw3ac
M3uj. s3 sCII CNq3cjC<j3 j@3 CNn3N,3 R8  83aaRL<N3jC, Iw3a $3A
js33N j@3 KNИYЊ+RеYД; j@CN ~IL N0 j@3 K<Q $aaC3a RN j@3 8RaA
LjCRN R8 KN˥QY c c33N $38Ra3 8Ra j@3 KNДAu; ,RLURnN0 jsR
,RLLRNIw GNRsN 83aaRL<N3jC, Iw3ac s3a3 nc30. +Rωе73ωе#Ие
N0 +RИ73IY i@3 CNc3ajCRN Iw3a sc Iswc 03URcCj30 j `iY
i@3 a3cU3,jCq3 j@C,GN3cc R8 j@3 +RA73A# N0 +RИ73I Iw3ac sc POY 7C<na3 οϮ CIIncjaj3c j@3 R$jCN30 KNAt N0 tK+/ cU3,A
ja 8Ra cLUI3c sCj@  +RA73A# N0  +RИ73I CNj3aIw3a RN K<Q
N0 baiCQД cn$cjaj3c. a3cU3,jCq3IwY i@3 t N0 tK+/ cU3,ja
s3a3 NRaLICy30 jR j@3 URcjA30<3 EnLU @3C<@jY i@3 Ua3qCRncIw
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7C<na3 οϮ- KNAt cU3,ja R8 KNИYЊ+RеYД; RN K<Q V<a33NW N0 baiCQД V$In3W sCj@ VW +RA73A# N0 V$W +RИ73I
CNj3aIw3aY V,W N0 V0W CIIncjaj3c j@3 ,Raa3cURN0CN< tK+/ cU3,jaY i@3 a30 aaRsc CN0C,j3 nN3uU3,j30 83jna3cY
Ϯο
ϺЋЋ i@3 3aaRac sRnI0 $3 jRR
@C<@Y
ϺЋο QNIw 8Ra cLUI3c Ua3A
Ua30 $w j@3 KNωφ;φφ
ja<3jY
03j3aLCN30 KN˥Q j j@3 CNj3a8,3 8Ra cLUI3c sCj@Rnj CNj3aIw3a
Cc a30n,30 $w  +RA73A# Iw3a V,8Y 7C<na3 οϮ VW a30 aaRsWY <CN
 c3,RN0 Ra03a K< U3G Cc 8RnN0. CN0C,j30 $w  a30 aaRs. j G8 $Rq3 j@3 ۿଓA30<3Y i@3 U3G Cc CN0n,30 $w j@3 K<Q cn$A
cjaj3 N0gRa j@3 K<Q ,UUCN< Iw3aY 7C<na3 οϮ V$W CIIncjaj3c
j@3 KN $cRaUjCRN cU3,ja 8Ra cLUI3c sCj@  +RИ73I CNj3aIw3aY
?3a3. j@3 8RaLjCRN R8 CNj3a8,CI KN˥Q Cc IcR a30n,30 N0 j@3
c3,RN0 Ra03a K< U3G Cc qCcC$I3Y i@3 tK+/ cU3,ja 8Ra $Rj@
jwU3c R8 cLUI3c a3 NRCcw N0 j@3a38Ra3 j@3 ,I,nIjCRN R8 j@3
L<N3jC, LRL3Nj qC cnL anI3c 0C|,nIjYϺЋЋ ?Rs3q3a. $w ,RLA
UaCN< j@3 tK+/ cC<NI NRaLICy30 jR j@3 ۿଔA30<3 @3C<@j R8 j@3
jsR cLUI3c. RN3 ,N c33 j@3 \nICjjCq3 cU3,jc R8 j@3 L<N3jC,
LRL3NjY
7C<na3 Ϯз 03UC,jc j@3 tK+/ cC<NI NRaLICy30 jR j@3 ۿଔA
30<3 8Ra KNИYЊ+RеYД; j@CN ~ILc RN K<Q N0 baiCQД sCj@ 
+RA73A#.  +RИ73I. N0 sCj@Rnj N CNj3aIw3aY bLUI3c Ua3A
Ua30 RN K<Q 3u@C$Cj j@3 @C<@3cj qIn3c C8  83aaRL<N3jC, Iw3a
Cc CNc3aj30. s@3a3c sCj@Rnj N CNj3aIw3a j@3 NRaLICy30 tK+/
cC<NI c@Rsc  LCNCLnLY 7Ra KNA+RA; j@CN ~ILc RN baiCQД
j@3 KN LRL3Nj Cc 3\nI 8Ra cLUI3c sCj@  +RA73A# N0 sCj@Rnj
N CNj3aIw3aY ?Rs3q3a. NIR<RncIw jR j@3 cLUI3c RN K<Q j@3
LuCLnL tK+/ cC<NI sc 8RnN0 8Ra cLUI3c sCj@  +RИ73I
CNj3aIw3aY i@Cc $3@qCRa cn<<3cjc j@3 IRs3cj LRnNj R8 KN˥Q
8Ra cLUI3c sCj@  +RИ73I CNj3aIw3a N0 8Ra cLUI3c RN K<Q
cn$cjaj3cY i@Cc Cc UIncC$I3 $3,nc3 j@3 cLUI3c RN K<Q a3A
q3I30  @C<@3a ,awcjIICNCjw N0 j@nc  @C<@3a ,RLU3NcjCRN R8
j@3 L<N3jC, LRL3NjcYϺЋο
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7C<na3 Ϯз- MRaLICy30 KNAtK+/ cC<NI 8Ra KNИYЊ+RеYД; RN K<Q V<a33NW N0
baiCQД V$In3W sCj@  +RA73A#.  +RИ73I N0 sCj@Rnj N CNj3aIw3aY
ϮϮ
+RN,IncCRN
BN cnLLaw. s3 cn,,3cc8nIIw Ua3Ua30 ,n$C, KNИYД+RеYЊ; RN
K<Q N0 baiCQД N0 j3ja<RNIIw 0CcjRaj30 KNИYЊ+RеYД; j@CN
~ILc RN K<Q N0 baiCQДY i@3 j@CN ~ILc s3a3 Ua3Ua30 ncCN< 
KNωφ;φφ ,RLURcCj3 ja<3j N0 N 00CjCRNI KN N0 +R ja<3jY
iR CNq3cjC<j3 j@3 03U3N03N,3 R8 j@3 03URcCjCRN ,RN0CjCRNc RN
j@3 ~IL UaRU3ajC3c. j@3 KNωφ;φφ ja<3j sc 3u,@N<30 8Ra 
KNЍе;ωе ja<3jY i@j sw. j@3 URs3a UUIC30 jR j@3 00CjCRNI
KN ja<3j ,RnI0 $3 IRs3a30 $w  8,jRa R8 jsR N0 s3 R$jCN30۷ଓଓARa03a30 KNИYЍ+RеYД; j@CN ~ILc RN K<Q N0 baiCQД cn$A
cjaj3cY r3 R$c3aq30  U@c3 jaNcCjCRN 8aRL j@3 ,n$C, cjan,jna3
8Ra ܤ ̸  CNjR j@3 j3ja<RNIIw 0CcjRaj30 cjan,jna3 8Ra ܤ ̷ Y
i@3 cna8,3 aRn<@N3cc sc L3cna30 $w L3Nc R8 t`` L3cna3A
L3Njc N0 c@Rs30  cjaRN< 03U3N03N,3 RN j@3 ,RA03URcCjCRN
UaR,3ccY bLUI3c Ua3Ua30 8aRL j@3 KNωφ;φφ ja<3j a3q3I30
j@3 @C<@3cj cna8,3 aRn<@N3ccY #w ncCN< j@3 KNЍе;ωе ja<3j 
cna8,3 aRn<@N3cc R8 aRnN0 
 POsc ,@C3q30 RN baiCQД
cn$cjaj3cY t`/ L3cna3L3Njc UaRq30  ,n$C, U@c3 8Ra KN
URRa cLUI3c RN K<Q N0 baiCQДY i@3 KN aC,@ cLUI3c Ua3A
Ua30 8aRL j@3 KNωφ;φφ ja<3j 3u@C$Cj  ۷ଓଓ U@c3 RN K<Q
N0 baiCQДY #w IRs3aCN< j@3 03URcCjCRN j3LU3ajna3 jR  ˫%
N0 ncCN< j@3 KNЍе;ωе ja<3j. j@3 KNИYЍ+RеYД; j@CN ~ILc RN
baiCQД N0 K<Q ,awcjIICy30 CN j@3 ۷ଓଓ cjan,jna3 sCj@  N3<A
IC<C$I3 ,n$C, U@c3Y pbK L3cna3L3Njc UaRq30 j@3 a3URaj30
cR8jAL<N3jC, UaRU3ajC3c R8 j@3 ,n$C, U@c3Y 2I3L3NjAcU3,C~, @wcA
j3a3cCc IRRUc R8 j@3 KNИYЊ+RеYД; j@CN ~ILc RN K<Q N0 baiCQД
q3aC~30 j@3 @a0AL<N3jC, UaRU3ajC3c Vǖۻܐ  
 6W R8 j@3 j@3۷ଓଓ U@c3Y b[mB/ R$c3aqjCRNc a3q3I30  IRs3a L<N3jC, LRA
L3Nj ,RLUa30 jR KNДAu; j@CN ~ILcY BN 00CjCRN. cna8,3 N0
$nIGAc3NcCjCq3 tb N0 tK+/ L3cna3L3Njc s3a3 ,aaC30 RnjY
i@3 8RaLjCRN R8 CNj3a8,CI KN˥Q sc R$c3aq30. $nj $w ncCN< 
83aaRL<N3jC, CNj3aIw3a j@3 LRnNj R8KN˥Q,RnI0 $3 03,a3c30Y
i@3 IRs3cj LRnNj R8 KN˥Q sc 8RnN0 8Ra cLUI3c sCj@   PO
+RИ73I CNj3aIw3aY /n3 jR j@3 UaRLCcCN< a3cnIjc sCj@ a3<a0 jR
j@3 cna8,3 aRn<@N3cc N0 @a0AL<N3jC, UaRU3ajC3c j@3 CNj3<aA
jCRN R8 KNA+RA; j@CN ~ILc CN KiDȕc Cc $3CN< UINN30Y
Ϻзз
ϺЋϮ [Y HY K 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзϺYЕ VЙзϺЙW
Ϻοз [Y HY K 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзϺYЕ VЙзϺЙW
ϺοϺ bY vnc 3j IY BN- UUIC30
T@wcC,c H3jj3ac VЙззЎW
ϺοЙ vY KCna N0 KY b@CaCY
BN- B222 iaNc,jCRNc RN
K<N3jC,c χзYϺ VЙзϺϊW
i@3 $CNaw KNA;3 ,RLURnN0
BN j@3 Ua3qCRnc ,@Uj3ac s3 CNq3cjC<j30 j@3 U3aU3N0C,nIaIw L<N3A
jCy30 KNДAu; N0 KNДAu+Ru; ,RLURnN0cY M3uj. s3 sCII 0Cc,ncc j@3
UaRU3ajC3c R8 j@3 a3,3NjIw a3URaj30 KNДZu;3 ,RLURnN0Y i@3a38Ra3. s3
Ua3Ua30 j@CN ~ILc sCj@ 0C{3a3Nj ,RLURcCjCRNc Vܤ  ˥  WY r3
cjn0C30 j@3 cna8,3 aRn<@N3cc N0 j@3 ,awcjIIR<aU@C, UaRU3ajC3c qC
t`` N0 t`/ L3cna3L3NjcY i@3 L<N3jC, UaRU3ajC3c s3a3 3uLCN30
$w NRLIRnc ?II 3{3,j L3cna3L3NjcY
bjRC,@CRL3jaw 03U3N03N,3
Qq3a j@3 w3ac j@3a3 s3a3  IRj R8 Un$IC,jCRNc $Rnj KNДAu;
N0 KNДAu+Ru; jnNN3I EnN,jCRNcY i@3Ra3jC,IIw Ua30C,j30 @C<@
iK` 3{3,jc s3a3 a3URaj30Y ?Rs3q3a. j@3 3{3,jc R$jCN30 j `i
8II c@Raj R8 3uU3,jjCRNcY i@3 iK` 3{3,jc ,@C3q30 8Ra KNДAu;
$c30KiDȕc sCj@Rnj  83aaRL<N3jC, CNj3aIw3a N3q3a 3u,330 
j `iYϺЋϮ i@3 @C<@3cj a3URaj30 iK` 3{3,j sc  j `i V j-W 8Ra  cj,G ,RNcCcjCN< R8 +a V POWgKNЍИ;Дξ V POWg+R
V POWgK< V POWgK<Q V POWg+R73# V POW RN NK<Q
cn$cjaj3YϺοз i@3a38Ra3. j@3 N3,3ccCjw R8 N CNj3aIw3a jR R$c3aq3
a3cRN$I3 iK` ajCRc sc c@RsNY ?Rs3q3a. 83aaRL<N3jC, CNj3aA
Iw3ac $3a j@3 0Cc0qNj<3 R8 IRs cUCN URIaCyjCRN N0  @C<@
L<N3jC, LRL3NjY 7naj@3aLRa3. 83aaRL<N3jC, Lj3aCIc. 3Y<Y
+RA73A#. sCj@Rnj KNДAu; $n{3a ,@C3q3 ,RNcC03a$Iw @C<@3a
iK` 3{3,jcYϺοϺ BN 00CjCRN. j@3 \n3cjCRN s@w  Una3 KNДAu;
3I3,jaR03 CN ,RNj,j sCj@ N K<Q $aaC3a c@Rsc NR 03,3Nj iK`
3{3,jsc a3,3NjIw Ncs3a30 $wKCna 3j IYϺοЙ i@3w a3URaj30 ~acjA
UaCN,CUI3 ,I,nIjCRNc RN iK` 3{3,j R8 KiDȕc sCj@۷ଓଓAKNДx Vx
5;. ;3W 3I3,jaR03cY i@3 R$jCN$I3 iK` 3{3,j cjaRN<Iw 03U3N0c
RN j@3 CNj3a8,3 j3aLCNjCRN. CY3Y. s@3j@3a  KNKN Ra  KN;
,RN~<najCRN Cc N3uj jR j@3 K<Q $aaC3a V,8Y 7C<na3 ϮϺWY +RNcC0A
3aCN< j@3 03U3N03N,3 R8 j@3 CNAUIN3 sq3 q3,jRa ܗ˸  
ܗܤ ܗܥ
RN j@3 jnNN3ICN< ,RN0n,jN,3. j@3w R$c3aq30  $aR0 U3G j
7C<na3 ϮϺ- VW KN; N0 V$W KNKNAj3aLCNj30 KNД;gK<Q CNj3a8,3Y V,W N0
V0W a3UI,3L3Nj R8 ; $w ;3YϺοЕ
ϺοЕ vY KCna N0 KY b@CaCY
BN- B222 iaNc,jCRNc RN
K<N3jC,c χзYϺ VЙзϺϊW
j3aLCNjCRN iK` VW
KNKN   ଓ
KN;   ଒
KNKN   ଔ
KN;3   ଖ
i$I3 ϺЎ- 2cjCLj30
iK` 3{3,j 8Ra KNKN
j3aLCNjCRN a3IjCq3 jR
KN; Ra KN;3 j3aLCNA
jCRNc R8 KNД;gK<Q Ra
KNД;3gK<Q CNj3a8,3cYϺοϊ
Ϻοϊ vY KCna N0 KY b@CaCY
BN- B222 iaNc,jCRNc RN
K<N3jC,c χзYϺ VЙзϺϊW
Ϻοχ ?Y Fnaj 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзϺYϺЕ VЙзϺЙW
ϺοЎ Y bn<C@a 3j IY BN-
UUIC30 T@wcC,c H3jj3ac ϺзϊYϺЕ
VЙзϺϊW
ϺοЋ ?Y KCwECLY BN- DRnaNI
R8 UUIC30 T@wcC,c ϊЋYϺз
VϺϮЋЎW
Ϻοο bY KCynGLC 3j IY BN-
UUIC30 T@wcC,c 2uUa3cc ЎYϺЙ
VЙзϺЕW
ϺοϮ ;Y F0a N0 2Y FaāNY
BN- BNj3aNjCRNI DRnaNI
K<N3jCcL ϺϊЕYϺ VϺϮЋϺW
ϺϮз DY rCNj3aICG 3j IY BN-
T@wcC,I `3qC3s # ЋЋYχ VЙззοW
ܗ˸  
  8Ra  KN; j3aLCNjCRNY i@nc j@3 jnNN3ICN< R8 j@3 æ଒
3I3,jaRNc Cc 0RLCNNj 3q3N CN j@3 NjCAUaII3I cjj3 N0  cLII
iK` 3{3,j Cc R$c3aq30Y `3UI,CN< j@3 ; $w ;3. j@3 ܗ˸ 03U3NA
03N,3 c@Rsc cUCG3c 8Ra $Rj@ jwU3c R8 j3aLCNjCRNY i@j sw. j@3a3
Cc NR ,RNjaC$njCRN R8 j@3 æ଒ 3I3,jaRNc CN j@3 NjCAUaII3I cjj3Y
i@3w IcR a3URaj30  @I8AL3jIIC, $3@qCRa R8 KNД;3 RN j@3 æ଒
$N0 aRnN0 j@3 73aLC I3q3IY ?Rs3q3a. $w 3uUN0CN< j@3 CNAUIN3
IjjC,3 $w LRa3 j@N  j@3 @I8AL3jIIC, cjj3 R8 j@3 æ଒ $N0
qNCc@3cY i@3a38Ra3 j@3 nc3 R8 N K<Q $aaC3a V܎ஐସஒ  ȔW Cc
nNcnCj$I3 0n3 jR j@3 IjjC,3 LCcLj,@ R8  V܎ஐିஊଶ܏ܡܘܗ  ȔWY
Qj@3a $aaC3a Lj3aCIc ICG3 +7И Ra K<IИQω a3 UaRLCcCN< ,NA
0C0j3cY i@3 j@3Ra3jC,IIw Ua30C,j30 iK` qIn3c a3 CIIncjaj30
CN i$I3 ϺЎY `3,3NjIw. Fnaj 3j IYϺοχ a3URaj30 j@3 njCICyjCRN R8۷ଓଓARa03a30 KNД;3 j@CN ~ILc RN baiCQД cn$cjaj3cY i@3 IjjC,3
,RNcjNjc s3a3 03j3aLCN30 jR $3 ܎  
Ȕ N0 ܐ  
ȔY
00CjCRNIIw.  IRsL<N3jCyjCRN R8  M#O˥଒ N0 N NCcRjaRUw
,RNcjNj R8 /,O˥ଔ s3a3 a3URaj30Y i@3 cUCN URIaCyjCRN sc
a3URaj30 jR $3 
L3cna30 $w URCNj ,RNj,j N0a33q a3A
3,jCRNY 7naj@3aLRa3. bn<C@a 3j IYϺοЎ a3URaj30 j@3 cn,,3cc8nI
<aRsj@ R8 ۷ଓଓAKNДȊu;3 RN K<Q cn$cjaj3c sCj@  +a $n{3aY
i@3 cLUI3c s3a3 URcjANN3I30 j 0C{3a3Nj j3LU3ajna3cY K<A
N3jC, jRa\n3 L3cna3L3NjcϺοЋ a3q3I30 N NCcRjaRUw ,RNcjNj
R8 
/,O˥ଔY  j@3Ra3jC,IIw Ua30C,j30 IRs L<N3jC, 0LUA
CN< R8   ˥କ sc a3URaj30 $w KCynGLC 3j IYϺοο 8Ra KNД;3Y
F0a N0 FaāNϺοϮ a3URaj30  U@c3 jaNcCjCRN 8aRL j@3 ۷ଓଓ
cjan,jna3 CNjR j@3 ۷଒ଚ U@c3 j - $38Ra3 a3,@CN< j@3 +naC3
j3LU3ajna3Y  +naC3 j3LU3ajna3 R8 - sc 3cjCLj30 $w
3ujaURIjCRNY i@3a38Ra3 j@3 +naC3 j3LU3ajna3 Cc - @C<@3a
,RLUa30 jR j@j R8 KNДAu;YϺϮз
ϺзЙ
ϺϮϺ ?Y Fnaj 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзϺYϺЕ VЙзϺЙW
j ~acj <IN,3. j@3 a3URaj30 UaRU3ajC3c a3 La<CNIIw $3jj3a
j@N 8Ra KNДAu;. $nj j@3 ~acjAUaCN,CUI3 ,I,nIjCRNc a3<a0CN<
j@3 iK` 3{3,j a3 @C<@Iw UaRLCcCN<Y ?Rs3q3a. RN3 @c jR G33U CN
LCN0 j@j ncCN< NK<Q $aaC3a sCII IRs3a j@3 iK` 3{3,j. 0n3 jR
3uUNcCRN CN j@3 ܎ ܏AUIN3 N0 j@3 a3cnIjCN< IRcc R8 @I8AL3jIIC,
$3@qCRaY
rζ ϿЁζϿΞЁζβ βϔυυζЁζϩА KNДZu; Vܤ  ˥.  N0 W j@CN ~ILc
RN baiCQД cn$cjaj3c. 0n3 jR j@3 IRs IjjC,3 LCcLj,@ VW
jR j@3 qIn3c a3URaj30 $w Fnaj 3j IYϺϮϺY i@3a38Ra3. s3 aN  ,RA
03URcCjCRN UaR,3cc 8aRL  UICN KN N0 ;3 cUnjj3aCN< ja<3jY
i@3 cjRC,@CRL3jaw sc ,@N<30 $w qawCN< j@3 URs3a UUIC30 jR
j@3 KN ja<3j s@3a3c j@3 URs3a UUIC30 jR j@3 ;3 a3LCN ,RNA
cjNjY i@3 03URcCjCRN j3LU3ajna3 sc  ˫% 8Ra j@3 KNଔଓକ
଒ଘ;3
,RLURnN0 N0  ˫% 8Ra j@3 Rj@3a jsR ,RLURcCjCRNcY i@3 a3A
cU3,jCq3 cjRC,@CRL3jaw sc 03j3aLCN30 qC t`7Y iR CNq3cjC<j3
j@3 cna8,3 aRn<@N3cc N0 ,awcjI cjan,jna3. s3 ,aaC30 Rnj t``
N0 t`/ NIwc3cY i@3 L<N3jC, UaRU3ajC3c s3a3 L3cna30 qC
NRLIRnc ?II 3{3,j V?2W CN  ,IRc30A,w,I3 @3ICnL ,awRcjjY
i@3 cnU3a,RN0n,jCN< ,RCIc a3q3I30  L<N3jC, ~3I0 nU jR o6Y
tAaw nRa3c,3N,3 3uLCNjCRNc
i@3 a3cU3,jCq3 ,RLURcCjCRNc s3a3 03j3aLCN30 $w L3Nc R8 t`7
L3cna3L3Njc CN  ?3 jLRcU@3a3Y 7Ra j@Cc UnaURc3 j@a33 0C{3aA
3Nj KNДȊu;3 cLUI3c s3a3 Ua3Ua30 RN baiCQД cn$cjaj3c j jsR
0C{3a3Nj j3LU3ajna3c V ˫% N0  ˫%WY #w G33UCN< j@3 URs3a
UUIC30 jR j@3 ;3 ja<3j ~u30 N0 0EncjCN< j@3 URs3a RN j@3
KN ja<3j. j@3 ,RLURcCjCRN sc ,@N<30Y BN i$I3 ϺЋ j@3 URs3a.
03URcCjCRN j3LU3ajna3 N0 R$jCN30 cjRC,@CRL3jaw a3 ICcj30Y
i@3 3{3,j R8 j@3 03URcCjCRN j3LU3ajna3 c33L30 jR $3 IRs CN
,RLUaCcRN jR j@3 URs3a UUIC30 jR j@3 KN ja<3jY #3,nc3 R8 j@3
IRs j@CN ~IL j@C,GN3cc VaRnN0  POW. 3aaRac CN j@3 3cjCLjCRN
R8 j@3 cjRC,@CRL3jaw LC<@j R,,naY
KN ;3 j3LU3ajna3 ,RLURcCjCRN9 9  ˫% KNଓଗଗ
଒କ;39 9  ˫% KNଔଓକ
଒ଘ;39 9  ˫% KNଔଖଙ
ଗ;3
i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CN30 t`7 0j 8Ra j@a33 0C{3a3Nj KNДȊu;3 c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7C<na3 ϮЙ- t`` c,Nc R8 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KNДYЍ;3 V$In3W
j@CN ~ILc 03URcCj30 RN baiCQД 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i$I3 Ϻο- i@CN ~IL j@C,GN3cc. cna8,3 aRn<@N3cc. N0 03NcCjw 8Ra j@a33 0C{3a3Nj
KNДȊu;3 ,RLURnN0c. 03j3aLCN30 8aRL j@3 t`` c,Nc qC Taajj I<RaCj@LY i@3
t`` c,N 8Ra j@3 KNИYЊ;3 ,NNRj $3 ~jj30 qC Taajj I<RaCj@LY
tAaw a33,jCqCjw CNq3cjC<jCRNc
i@3 cna8,3 aRn<@N3cc. ~IL j@C,GN3cc. N003NcCjw R8 j@3KNДȊu;3
j@CN ~ILc s3a3 3uLCN30 qC t`` L3cna3L3NjcY 7C<na3 ϮЙ CIA
Incjaj3c j@3 ,Raa3cURN0CN< t`` c,Nc 8Ra II ,RLURcCjCRNcY i@3
qIn3c R$jCN30 $w ~jjCN< qC Taajj I<RaCj@L a3 0CcUIw30
CN i$I3 ϺοY i@3 c,N R8 j@3 KNИYЊ;3 ,RLURnN0 c@Rsc j@3 $A
c3N,3 R8 FC3ccCN< 8aCN<3c cn<<3cjCN<  @C<@ cna8,3 aRn<@N3ccY
 ~j qC Taajj I<RaCj@L sRnI0 @q3  IRs cC<NC~,N,3Y ?RsA
3q3a. j@3 KNДYИ;3 N0 KNДYЍ;3 j@CN ~ILc a3q3I N3aIw j@3 cL3
j@C,GN3ccY i@3 R$jCN30 03NcCjC3c s3a3 CN j@3 cL3 Ra03a c j@3
03NcCjC3c R8 j@3 KNДAu; N0KNДAu+Ru; j@CN ~ILcY i@3 cna8,3
aRn<@N3cc 8Ra $Rj@ ,RLURnN0c Cc $Rq3  PO N0 j@3a38Ra3 CN
j@3 cL3 aN<3 c j@3 $aaC3a j@C,GN3cc CN biiAKiDȕcY 7Ra j@Cc
a3cRN. j@3 cna8,3 aRn<@N3cc @c jR $3 03,a3c30 jR CN,a3c3 j@3
UUIC,$CICjw R8 KNДȊu;3 $c30 KiDȕcY
+awcjIIR<aU@C, cjan,jna3
Uaj 8aRL j@3 aRn<@N3cc. s3 NIwy30 j@3 ,awcjI cjan,jna3 $w
t`/ L3cna3L3NjcY BN 7C<na3 ϮЕ j@3 R$jCN30 t`/ c,Nc a3 03A
Ϻзϊ
lo
g 
in
te
ns
ity
20 30 60 70 9024.75 50.73 79.9540.73
2θ (deg)
Mn3.6Ge
Mn3.2Ge
Mn2.7Ge
D
0 2
2 
(0
02
)
D
0 2
2 
(0
04
)
D
0 2
2 
(0
0 6
)
ε-
ph
as
e 
( 0
02
)
7C<na3 ϮЕ- t`/ c,Nc R8 KNИYЊ;3 Va30W.  KNДYИ;3 V<a33NW. N0 KNДYЍ;3 V$In3W
j@CN ~ILc 03URcCj30 RN baiCQДY
ϺϮЙ iY Q@RwLY BN- DRnaNI
R8 j@3 T@wcC,I bR,C3jw R8 DUN
ϺЎYϺз VЙзϺЕW
UC,j30Y i@3 KNИYЊ;3 cLUI3 a3q3Ic j@3 cnU3a IjjC,3 VззЙW a33u
j  FGI N0 j@3 8nN0L3NjI VззϊW a33u j  FGIY N
nU,RLCN< cnU3a IjjC,3 VззЎW a33u Cc Ua3c3Nj j  FGIY i@nc
j@3 RnjAR8AUIN3 IjjC,3 ,RNcjNj Cc 03j3aLCN30 jR $3 ȔY i@3
cLUI3 03URcCj30 j  ˫% sCj@  KNДYИ;3 ,RLURcCjCRN 3u@C$Cjc
RNIw j@3 VззЙW a33u j  FGI N0 j@3 VззϊW U3G j  FGIY
i@3 ,Raa3cURN0CN< ܐ IjjC,3 ,RNcjNj Cc ȔY i@3 KN aC,@ cLA
UI3 c@Rsc j@3 cnU3a IjjC,3 U3Gc VззЙW N0 VззЎW j  FGI
N0  FGI N0 j@3 8nN0L3NjI a33u j  FGIY i@3a3A
8Ra3. j@3 ܐ UaL3j3a Cc Ȕ V,8Y 7C<na3 Ϯϊ VWWY 00CjCRNIIw.
N nU,RLCN< a33u j  FGI Cc qCcC$I3. LRcj ICG3Iw 3qC03N,3
R8 j@3 দAKNA;3 U@c3 V۷଒ଚWYϺϮЙ i@Cc VззЙW U3G ,Raa3cURN0c
jR  IjjC,3 ,RNcjNj R8 ȔY i@3 দ U@c3 sCII $3 8RnN0 8Ra 
;3 ,RNj3Nj $3js33N  CV N0  CV j @C<@ NN3ICN< j3LA
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7C<na3 Ϯϊ- TaL3j3a R$jCN30 8aRL j@3 t`/ c,Nc c  8nN,jCRN R8 j@3 cjRC,@CRL3jawY VW ܐ IjjC,3 UaL3j3a. V$W
7r?K R8 j@3 VззЙW V<a33NW N0 VззϊW Va30W a33u. N0 V,W j@3 j3ujna30 Ra03a R8 j@3 a3cU3,jCq3 j@CN ~ILY
Ϻзχ
ϺϮЕ iY Q@RwLY BN- DRnaNI
R8 j@3 T@wcC,I bR,C3jw R8 DUN
ϺЎYϺз VЙзϺЕWd 2Y aac 3j IY
BN- T@wcC,I `3qC3s # οЕYϺЋ
VЙзϺϺWd MY vL0 3j IY BN-
T@wcC, # ϺϊϮYϺAЕ VϺϮοοW
ϺϮϊ `Y FaUInc N0 DY HnjA
jCN<3aY BN- T@wcC,I `3qC3s
ϮχYχ VϺϮχϊW
U3ajna3c aRnN0  ˫% $nj IcR CN  L3jcj$I3 U@c3 aRnN0 ˫%YϺϮЕ i@3 KNДYИ;3 j@CN ~IL a3q3I30 j@3 @C<@3cj ܐ qIn3.
UaR$$Iw CN0n,30 $w j@3 IRs3a 03URcCjCRN j3LU3ajna3Y i@nc.
j@3 NRNAUUa3Nj VззЎW a33u ,RnI0 IcR $3 3uUICN30Y
00CjCRNIIw. s3 03j3aLCN30 j@3 03U3N03N,3 R8 j@3 7r?K
N0 j3ujna30 Ra03a RN j@3 cjRC,@CRL3jaw V,8Y 7C<na3c Ϯϊ V$W N0
Ϯϊ V,WWY i@3 IRs3cj 7r?K R8 j@3 VззϊW a33u Cc 8RnN0 8Ra j@3 KN
aC,@ N0 URRa j@CN ~ILc j@j s3a3 03URcCj30 j  ˫%Y ?Rs3q3a.
j@3 IRs3cj 7r?K qIn3 R8 j@3 VззЙW a33u Cc R$jCN30 8Ra j@3
KNДYИ;3 ,RLURnN0Y i@3 j3ujna30 Ra03a a33,jc j@3 a3cnIjc 8aRL
j@3 7r?KR$c3aqjCRN. j@3 IRs3cj qIn3 Cc 8RnN0 8Ra j@3KNДYИ;3
,RLURnN0Y i@Cc cn<<3cjc  IRs ,awcjIICN3 \nICjw 0n3 jR j@3 IRs
03URcCjCRN j3LU3ajna3Y
?Rs3q3a. j@3 j3ujna30 Ra03a qIn3c a3 Ln,@ IRs3a j@N
8Ra j@3 ۿ଑A N0 ۷ଓଓARa03a30 KNДAu; N0 j@3 ۷ଓଓARa03a30
KNA+RA; j@CN ~ILc RN baiCQДY i@nc. RNIw  cLII URajCRN R8
j@3 KNДȊu;3 j@CN ~IL Cc ,awcjIICy30Y BN j@Cc sw. j@3 KNДȊu;3
,RLURnN0 a3q3Ic j@3 IRs3cj ,awcjIICN3 \nICjw R8 j@3 j@a33 0C{3aA
3Nj ,RLURnN0cY
K<N3jC, UaRU3ajC3c
i@3 L<N3jC, UaRU3ajC3c s3a3 NIwy30 $w L3Nc R8 NRLIRnc
?II 3{3,j V?2W L3cna3L3NjcY i@3 Ra0CNaw ?II 3{3,j VQ?2W
R,,nac CN NRNAL<N3jC, L3jIcd s@3N  ,naa3Nj Cc 0aCq3N IRN<CjnA
0CNIIw jR j@3 cLUI3 N0 N 3uj3aNI L<N3jC, ~3I0 Cc UUIC30
U3aU3N0C,nIaIw jR j@3 ,naa3Nj  jaNcq3acI qRIj<3. ?II qRIj<3.
Cc 03j3,j30Y i@3 8Ra,3 3uU3aC3N,30 $w j@3 ,@a<3 ,aaC3ac Cc j@3
HRa3Njy 8Ra,3Y i@3 jaNcq3acI a3cCcjCqCjw CN,a3c3c ICN3aIw sCj@
j@3 ~3I0 UUIC30. ীܤܥ  ܅ۻ۵ܦ VϊϮW
s@3a3 ܅ۻ  ۸ܥ
ܖܤǖ۵ Cc j@3 Ra0CNaw ?II ,R3|,C3NjY 7Ra L<N3jC,
Lj3aCIc j@3 $3@qCRa Cc 0C{3a3Nj. j@3 ?2 Cc R8j3N @C<@3aY i@3
jaNcq3ac3 a3cCcjCqCjw Cc 03~N30 cীܤܥ  ܅ۻ۵ܦ  ܅܆܀ܦ VχзW
sCj@ ܅܆ j@3 NRLIRnc ?II ,R3|,C3NjY BNcj30 R8  ICN3a 03A
,a3c3 R8 ীܤܥ sCj@ CN,a3cCN< ǖ۵. @3a3  cjaRN< ICN3a CN,a3c3 8RIA
IRs30 $w  c3,RN0 CN,a3c3 sCj@  IRs3a <a0C3Nj Cc 8RnN0Y i@nc
j@3 nN03aIwCN< L3,@NCcL Cc NRj RNIw j@3 HRa3Njy 8Ra,3Y i@3 ~acj
j@3Ra3jC,I jj3LUj jR 03c,aC$3 j@3 ?2 sc L03 $w FaUInc
N0 HnjjCN<3aϺϮϊ CN ϺϮχϊY i@Cc CNjaCNcC, ,RNjaC$njCRN a3Ij3c jR N
ϺзЎ
ϺϮχ DY +nLCN<c 3j IY BN-
T@wcC,I `3qC3s H3jj3ac ϮЎYϺϮ
VЙззЎW
ϺϮЎ DY bLCjY BN- T@wcC, ЙϺYЎA
Ϻз VϺϮχχW
ϺϮЋ HY #3a<3aY BN- T@wcC,I
`3qC3s # ЙYϺϺ VϺϮЋзW
ϺϮο Y bn<C@a 3j IY BN-
UUIC30 T@wcC,c H3jj3ac ϺзϊYϺЕ
VЙзϺϊW
00CjCRNI ,RNjaC$njCRN jR j@3 <aRnU q3IR,Cjw R8 ,@a<3 ,aaC3ac
CN0n,30 $w N 3uj3aNI 3I3,jaC, ~3I0Y i@3 CNjaCNcC, ,RNjaC$njCRN
03U3N0c RNIw RN j@3 $N0 cjan,jna3Y bCN,3 j@3 0Cc,Rq3aw R8 j@3
?2 CN UaL<N3jC, Lj3aCIc. j@3 #3aaw U@c3 j@3Raw R8 #IR,@
cjj3c 3Nj3a30 j@3 ~3I0 R8 ?2YϺϮχ i@3 #3aaw U@c3 j@3Raw c@Rsc
cCLCIaCjC3c jR j@3 j@3Raw R8 FaUInc N0 HnjjCN<3aY #3cC03c j@3
CNjaCNcC, ,RNjaC$njCRN. jsR 00CjCRNI 3ujaCNcC, ,RNjaC$njCRNc s3a3
a3URaj30 $w bLCjϺϮЎ CN ϺϮχχ N0 #3a<3aϺϮЋ CN ϺϮЋзY r@j Cc ,II30
cwLL3jaC, cG3s c,jj3aCN< 8aRL CLUnaCjC3c ,nc30 $w j@3 cUCNA
Ra$Cj CNj3a,jCRN sc CNjaR0n,30 $w bLCjY NRj@3a 3ujaCNcC, 3{3,j
Cc j@3 cC03 EnLU R8 \ncCUajC,I3c nURN c,jj3aCN< 8aRL cUCNARa$Cj
,RnUI30 CLUnaCjC3c. Ua30C,j30 $w #3a<3aY
rCj@ j@Cc L3cnaCN< j3,@NC\n3. j@3 jRjI L<N3jCyjCRN qIn3
,RnI0 NRj $3 R$jCN30Y ?Rs3q3a. j@3 ,R3a,Cq3 ~3I0 N0 c\na3A
N3cc qIn3 s3a3 03j3aLCN30Y i@3 IRs3cj ,R3a,Cq3 ~3I0 Cc Ua3c3Nj
8Ra j@3 KNИYЊ;3 ,RLURnN0 sCj@ 
 6Y bjCII. j@3 ,R3a,CqCjw Cc
@C<@3a j@N j@3 @C<@3cj qIn3 8Ra j@3 KNДAu; N0 KNДAu+Ru;
,RLURnN0cY i@3 KNДYИ;3 ,RLURnN0 a3q3Ic  ,R3a,Cq3 ~3I0 R8
 6Y i@Cc Cc j@3 @C<@3cj ,R3a,Cq3 ~3I0 ,@C3q30 CN j@Cc sRaGY
i@3 KNДYЍ;3 ,RLURnN0 3u@C$Cjc  IRs3a qIn3 R8 
 6Y i@3
c\na3N3cc qIn3c 03,a3c30 sCj@ CN,a3cCN< KN ,RNj3Nj 8aRL qC  jR Y BN 00CjCRN. j@3 R$jCN30 @wcj3a3cCc IRRU
R8 j@3 KNДYЍ;3 Iw3a cn<<3cjc N CNAUIN3 ,RLURN3NjY bn<C@a
3j IYϺϮο a3URaj30 j@3 cL3 $3@qCRa 8Ra  KNДYДφ;3 ,RLURnN0Y
i@3a38Ra3.  ,aCjC,I ,RLURcCjCRN ,N $3 3cjCLj30. s@3a3 j@3
RnjAR8AUIN3 L<N3jCyjCRN 0Ca3,jCRN ,@N<3c CNjR j@3 CNAUIN3
0Ca3,jCRNY 7Ra  Ua3,Cc3 03j3aLCNjCRN.  ,RLURcCjCRN 03U3N03Nj
?2 CNq3cjC<jCRN @c jR $3 ,aaC30 RnjY
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7C<na3 Ϯχ- +RLUaCcRN R8 @wcj3a3cCc IRRUc R$jCN30 8aRL NRLIRnc ?II 3{3,j L3cna3L3Njc 8Ra VW KNИYЊ;3 Va30W.
V$W KNДYИ;3 V<a33NW. N0 V,W KNДYЍ;3 V$In3W RN baiCQД cn$cjaj3cY i@3 03URcCjCRN j3LU3ajna3 sc କଖ଑ ˫ஆ 8Ra j@3
KNДYИ;3 cLUI3 N0 ଖଖ଑ ˫ஆ 8Ra j@3 jsR Rj@3a ,RLURcCjCRNcY
ϺзЋ
+RN,IncCRN
bnLLaCyCN< j@Cc ,@Uj3a. s3 cn,,3cc8nIIw <a3s3UCjuCIKNДZu;
j@CN ~ILc sCj@ ܤ  ˥   RN baiCQД cn$cjaj3cY i@3 03URA
cCjCRN j3LU3ajna3c s3a3  ˫% N0  ˫% N0 ,@Rc3N 0n3 jR j@3
a3cnIjc R$jCN30 8Ra KNДAu; N0 KNДAu+Ru;Y MRN3j@3I3cc. j@3
j3LU3ajna3c Lw NRj $3 C03IY
t`7 L3cna3L3Njc s3a3 ,aaC30 Rnj jR 03j3aLCN3 j@3 ~IL
cjRC,@CRL3jawY i@3 ~IL aRn<@N3cc sc NIwy30 qC t``Y i@3
IRs3cj cna8,3 aRn<@N3cc Cc 
 PO 8Ra j@3 KNДYИ;3 j@CN ~IL.
s@3a3c j@3 @C<@3cj qIn3 Cc 8RnN0 8Ra j@3 KNИYЊ;3 cLUI3Y N
RUjCLCyjCRN R8 j@3 cna8,3 aRn<@N3cc Cc a3\nCa30 8Ra 8njna3 CNj3A
<ajCRN CNjR KiDȕcY i@3 ,awcjI U@c3c s3a3 03j3aLCN30 qC t`/Y
2,@ cLUI3 c@Rsc j@3 8nN0L3NjI VззϊW N0 cnU3a IjjC,3 VззЙW
a33uY Uaj 8aRL j@j j@3KNИYЊ;3 N0KNДYЍ;3 j@CN ~ILc a3q3I
j@3 cnU3a IjjC,3 VззЎW U3GY KRcj ICG3Iw. j@3 @C<@3a ,awcjIICN3
Ra03a sc ,@C3q30 0n3 jR j@3 @C<@3a 03URcCjCRN j3LU3ajna3Y
i@3 KNAaC,@ cLUI3 IcR 3u@C$Cjc j@3 VззЙW a33u R8 N nU,RLCN<দAKNA;3 U@c3Y MRN3j@3I3cc. j@Cc cLUI3 c@Rsc j@3 @C<@3cj ,awcA
jIICNCjw sCj@ a3<a0 jR j@3 j3ujna30 Ra03a N0 7r?KY ?Rs3q3a.
,RLUa30 jR KNДAu; N0 KNA+RA; j@CN ~ILc RN baiCQД j@3
R$jCN30 j3ujna30 Ra03a qIn3c a3 Ln,@ IRs3aY
i@3 L<N3jC, UaRU3ajC3c s3a3 CNq3cjC<j30 $w L3Nc R8 ?2
L3cna3L3NjcY  @C<@ ,R3a,Cq3 ~3I0 R8 
 6 Cc Ua3c3Nj 8Ra
j@3 KNДYИ;3 cLUI3 N0 j@3 IRs3cj ,R3a,CqCjw R8 
 6 8Ra j@3
KNИYЊ;3 ,RLURnN0Y #Rj@ cLUI3c a3q3I30  c\na3N3cc R8
aRnN0 Y i@3 KNAaC,@ j@CN ~IL c@Rsc N nU,RLCN< CNAUIN3
,RLURN3Nj j@j I30c jR j@3 IRs3cj c\na3N3cc R8 Y ?Rs3q3a.
 @C<@ ,R3a,CqCjw R8 
 6 Cc R$c3aq30Y
#w ,RLUaCN< j@3c3 a3cnIjcsCj@ j@3KNДAu; N0KNДAu+Ru;
,RLURnN0c RN baiCQД cn$cjaj3c. s3 c33 j@j j@3 cna8,3 aRn<@A
N3cc Cc @C<@3a 8Ra j@3 KNДȊu;3 j@CN ~ILcY BN 00CjCRN. j@3 ,awcA
jIICN3 \nICjw R8 j@3KNДAu; N0KNДAu+Ru; ,RLURnN0c. 3cU3A
,CIIw j@3 ۿ଑ARa03a30 KNДAu; j@CN ~ILc. Cc $3jj3aY i@3 7r?K
qIn3c a3 IRs3a N0 j@3 j3ujna30 Ra03a Cc @C<@3aY KNИYЊ+RеYД;
j@CN ~ILc RN baiCQД 3u@C$Cj 7r?K qIn3c ,RLUa$I3 jR j@Rc3
R8 j@3 KNДȊu;3 j@CN ~ILc. s@3a3c j@3 j3ujna30 Ra03a Cc @C<@3aY
?Rs3q3a. j@3 L<N3jC, UaRU3ajC3c CN j3aLc R8 ,R3a,CqCjw N0
c\na3N3cc a3 cnU3aCRa 8Ra j@3 KNДȊu;3 ,RLURnN0Y BN  NnjA
c@3II. $w CN,a3cCN< j@3 ,awcjIICNCjw N0 03,a3cCN< j@3 cna8,3
aRn<@N3cc. j@3 KNДȊu;3 ,RLURnN0 sCII $3  3u,3II3Nj a3UI,3A
L3Nj R8 j@3 KNДAu; N0 KNДAu+Ru; ,RLURnN0cY
Qj@3a UaRU3ajC3c j@j @q3 jR $3 CNq3cjC<j30 $38Ra3 CNj3<aA
Ϻзο
jCRN CNjR KiDȕc a3- j@3 $aaC3a CNj3a8,3. CNj3a0C{ncCRN. N0 IjA
3aI 3uUNcCRNY i@3 $aaC3a CNj3a8,3 ,RN,3aNCN< j@3 8RaLjCRN
R8 KN˥Q Ra ;3˥Q @c jR $3 3uLCN30 qC tb N0 tK+/ L3A
cna3L3NjcY c Ua3qCRncIw c33N 8Ra j@3 KNДAu; ,RLURnN0. j@3
CNj3a0C{ncCRN R8 j@3 3I3L3Njc sc j@3 a3cRN 8Ra j@3 IRs iK`
3{3,jY ?3N,3. 2b L3cna3L3Njc a3 03~NCj3Iw a3\nCa30Y 8j3a
cn,,3cc8nI ,RNjaRI R8 j@3c3 8,jRac. j@3 a3LCNCN< \n3cjCRN sCII $3
j@3 Ij3aI 3uUNcCRN CN ,c3 R8 NK<Q $aaC3a N0 j@3 ccR,Cj30
,@N<3 CN j@3 $N0 cjan,jna3Y i@3 3uUNcCRN ,RnI0 $3 a30n,30
$w  L3jIIC, CNj3aIw3aY ?Rs3q3a. CN j@j ,c3 j@3 UaRU3ajC3c R8
j@3 KNДȊu;3 Iw3a. CN j3aLc R8 cUCN URIaCyjCRN. a3 CNcC<NC~,NjY
N 0qNj<3 R8 j@3 @a0AL<N3jC, c330 Iw3a Cc j@3 CN0n,30 UCNA
NCN< R8 j@3 CNj3aIw3aY i@j sw. j@3 $c3N,3 R8  U3aU3N0C,nIa
3u,@N<3 $Cc ,RnI0 $3 Rq3a,RL3Y
ϺзϮ
ϺϺз
+RA73A# j@CN ~ILc
BN j@Cc ,@Uj3a +Rωе73ωе#Ие $c30 KiDȕc sCII $3 CNq3cjC<j30Y i@3
+RA73A# ,RLURnN0 Cc ,RLLRNIw GNRsN N0 Ia30w CNj3<aj30 CNjR
K`K 03qC,3cY r3 sCII CNq3cjC<j3 j3LU3ajna3 03U3N03Nj jaNcURaj
L3cna3L3Njc N0 j@3 3I3,jaC, ~3I0 3{3,j RN j@3 ,R3a,Cq3 ~3I0 N0 iK`
3{3,jY i@3 R$jCN30 iK` ajCRc a3 ,RNcC03a$Iw @C<@3a ,RLUa30 jR
j@Rc3 R8 j@3 Ua3qCRnc ,RLURnN0cY
Bϩ Аϑζ ϿЁζЦϔϱЛЅ ΫϑΞϿАζЁЅ s3 CNq3cjC<j30 0C{3a3Nj KNA$c30
?3ncI3a ,RLURnN0cY i@3c3 ,RLURnN0c a3q3I30 ,3ajCN ,@a,A
j3aCcjC,c s@C,@ IRRG UaRLCcCN< 8Ra IRs ,aCjC,I ,naa3Nj 03NcCjC3c
8Ra bii csCj,@CN<Y ?Rs3q3a. j@3 R$jCN30 iK` 3{3,jc N3q3a
3u,330  j `iY 7Ra  ,RLL3a,CI biiAK`K N KiD sCj@
 iK` 3{3,j R8  N0 N ۴܅ R8 účOଓ sRnI0 $3 C03IY
i@3a38Ra3. j@3 Lj3aCIc CNq3cjC<j30 CN j@3 Ua3qCRnc ,@Uj3ac a3
NR cn$cjCjnj3 8Ra +Rωе73ωе#Ие j j@3 LRL3NjY r3 sCII NRs jG3
 ,IRc3a IRRG j +RA73A# $c30 KiDȕc N0 NIwy3 j@3 3{3,j R8
N 3I3,jaC, ~3I0 RN j@3 ,aCjC,I ,naa3Nj 03NcCjwY i@3 3I3,jaC, ~3I0
,RnI0 IRs3a j@3 ,naa3Nj 03NcCjw $w  j3LURaaw 03,a3c3 R8 j@3
NCcRjaRUw 3N3a<wY
7C<na3 ϮЎ CIIncjaj3c 0C{3a3Nj L<N3jCyjCRN csCj,@CN< LR03c
CN KiDȕcY ǖۻA~3I0ACN0n,30 csCj,@CN< sc UUIC30 CN j@3 Ua3qCA
Rnc ,@Uj3acY i@Cc L3j@R0 Cc cCLUI3 N0 cjCII RU3aj3c CN ~acjA
<3N3ajCRN cUCNjaRNC, 03qC,3c N0 CN ,RNq3NjCRNI ?//ȕcY ?RsA
3q3a. j@3 a,@Cj3,jna3 R8 K`K ,3IIc ,RNcCcjCN< R8 KiDȕc. s@Rc3
L<N3jCyjCRN 0Ca3,jCRN @c jR $3 ,@N<30 qC L<N3jC, ~3I0. a3
,RLUIC,j30 N0 cLII ,3IIc a3 ILRcj CLURccC$I3 jRLNn8,jna3Y
BN j@3 $cC, 03cC<N.  a30 N0 saCj3 ICN3. CY3Y.  ,RN0n,jCRN ICN3
Cc aaN<30 N3uj jR j@3 KiDY /aCqCN<  ,naa3Nj j@aRn<@ j@3 ICN3
CN0n,3c  L<N3jC, ~3I0 j@j saCj3c j@3 CN8RaLjCRN. CY3Y. ,@N<3c
j@3 L<N3jCyjCRN 0Ca3,jCRN R8 j@3 8a33 Iw3aY
#w UUIwCN< M3sjRNȕc j@Ca0 Is R8 LRjCRN ,jCR 5 a3,jCR. NA
Rj@3a csCj,@CN< L3,@NCcL ,RL3c CNjR LCN0. ,II30 cUCNAjaNc83a
jRa\n3 VbiiW csCj,@CN<Y  cUCN ,naa3Nj ,aaC3c N<nIa LRL3NA
(a) (b)
(c)
H = 0 H > Hc I = 0 I > Ic
Before
Switching
During
Switching
After
Switching
Eb
Eb Eb Eb
Eb Eb
Eb
7C<na3 ϮЎ- b,@3LjC, 0asCN<c R8 qaCRnc csCj,@CN< LR03c- VW ǖۻA~3I0ACN0n,30
csCj,@CN<d V$W bii csCj,@CN<d V,W ǖ۸A~3I0ACN0n,30 csCj,@CN< sCj@ qaC$I3 $aaC3a
@3C<@jYϺϮϮ
ϺϮϮ rY ;Y rN< N0 +Y HY
+@C3NY BN- DRnaNI R8 T@wcC,c
/- UUIC30 T@wcC,c ϊЎYЋ
VЙзϺЕW
Йзз DY +Y bIRN,y3scGCY BN-
DRnaNI R8 K<N3jCcL N0
K<N3jC, Kj3aCIc ϺχϮ VϺϮϮЎW
ЙзϺ HY #3a<3aY BN- T@wcC,I
`3qC3s # χϊYϺЕ VϺϮϮЎW
ЙзЙ Y #ajc 3j IY BN- MA
jna3 Kj3aCIc ϺϺYχ VЙзϺЙW
jnL. ICG3 N 3I3,jaC, ,naa3Nj Cc ,aaC30 $w LRqCN< ,@a<3Y i@3
N<nIa LRL3NjnL R8 j@3 cUCN ,naa3Nj ,N $3 jaNc83aa30 jR j@3
L<N3jCyjCRN R8  83aaRL<N3jC, 3I3,jaR03Y i@3 ~acj j@3Ra3jC,I
UUaR,@ sc L03 $w bIRN,y3scGCЙзз N0 #3a<3aЙзϺY i@3 CjCNA
3aNj 3I3,jaRNc CN  83aaRL<N3jC, Lj3aCI a3 cUCNAURIaCy30.
j@nc  cUCN ,naa3Nj Cc Ua3c3NjY BNj3a,jCRN R8 j@3 cUCN ,naa3Nj
sCj@ j@3 L<N3jCyjCRN a3cnIj CN  jRa\n3 V,8Y 7C<na3 ϮЋWYЙзЙ i@3
83aaRL<N3jC, L<N3jCyjCRN 0wNLC,c a3 03j3aLCN30 qC j@3
HN0nAHC8c@CjyA;CI$3ajAbIRN,y3scGC 2\njCRN঻ǖܙ঻ܠ  ˥তǖܙ  ǖۻଶଷଷ  ঢǖܙ  ঻ǖܙ঻ܠ  ǖ঵ VχϺW
s@3a3 ǖܙ Cc j@3 L<N3jCyjCRN 0Ca3,jCRN. ত  ܔčஅǼ˥଒ j@3 <waRL<A
N3jC, ajCR. čஅ Cc j@3 #R@a L<N3jRN N0 ܔ Cc j@3 HN03 <A8,jRa.
incident
electron
outgoing
electron
ferromagnet
Spin-transfer
torque
Field-like
torque
7C<na3 ϮЋ- b,@3LjC, CIIncjajCRN R8 ,naa3NjACN0n,30 jRa\n3cYЙзЕ
ϺϺЙ
Heff
STT
Damping
mField-like
torque
7C<na3 Ϯο- BIIncjajCRN R8 j@3
HH;b 0wNLC,c 8aRL 2\nA
jCRN VχϺWY
ЙзЕ Y #ajc 3j IY BN- MA
jna3 Kj3aCIc ϺϺYχ VЙзϺЙW
Йзϊ rY DY ;II<@3a N0
bY bY TY TaGCNY BN- B#K
DRnaNI R8 `3c3a,@ N0 /3q3IA
RUL3Nj χзYϺ VЙззЎW
Йзχ ধ 03U3N0c RN j@3 cUCN
URIaCyjCRN ܜY
ЙзЎ bY BG30 3j IY BN- Mjna3
Kj3aCIc ϮYϮ VЙзϺзW
ЙзЋ ?Y K3N< 3j IY BN- DRnaNI
R8 T@wcC,c /- UUIC30 T@wcC,c
ϊϊYϊз VЙзϺϺW
Йзο rY bGRsaRƫcGC 3j IY BN-
DRnaNI R8 UUIC30 T@wcC,c
ϺзЋYϮ VЙзϺзW
ǖۻଶଷଷ Cc N 3{3,jCq3 L<N3jC, ~3I0. ঢ Cc j@3 ;CI$3aj 0LUCN< ,RNA
cjNj. N0 ǖ঵ 03NRj3c j@3 ,naa3NjACN0n,30 jRa\n3c V,8Y 7C<na3 ϮοWY
i@3 ~acj j3aL RN j@3 aC<@j cC03 CN 2\njCRN VχϺW 03c,aC$3c j@3
Ua3,3ccCRN R8 j@3 L<N3jCyjCRN aRnN0 N 3{3,jCq3 L<N3jC,
~3I0 ǖۻଶଷଷY i@3 c3,RN0 j3aL ,Raa3cURN0c jR j@3 a3IujCRN R8 j@3
L<N3jCyjCRN CN j@3 3{3,jCq3 ~3I0 0Ca3,jCRNY i@3 Icj j3aL ǖ঵
03NRj3c j@3 bii 3{3,jY
QN3 CLURajNj 0qNj<3 R8 j@3 bii 3{3,j Rq3a ǖۻA~3I0 csCj,@A
CN< Cc j@3 URccC$CICjw R8 L<N3jCyjCRN Rc,CIIjCRN j <C<@3ajy
8a3\n3N,C3cY 7Ra j@j a3cRN. j@3 a30gsaCj3 ,,3cc Cc c 8cj c 8Ra
/`K cjan,jna3cYЙзϊ i@3 ,aCjC,I ,naa3Nj 03NcCjC3c 8Ra csCj,@CN<
a3 03~N30 c ǖܖпܐ  ঢܒǼধ ǖ܀܆ܑ
ǖۻп۾ o ǖۻܒܤܠ VχЙWǖܖ˸ܐ  ঢܒǼধ ǖ܀܆ܑ
ǖۻ˸۾ o ǖۻܒܤܠ  ঱ ǖ܀ܟ VχЕW
BN 2\njCRNc VχЙW N0 VχЕW. ܒ 03NRj3c j@3 3I3,jaRN ,@a<3. ঢ j@3
0LUCN< ,RNcjNj. ǖ܀ܟ j@3 cjnajCRN L<N3jCyjCRN. ܑ j@3 j@C,GA
N3cc R8 j@3 83aaRVCWL<N3jC, 3I3,jaR03. Ǽ j@3 a30n,30 TIN,G ,RNA
cjNj. ǖۻܒܤܠ Cc j@3 3uj3aNI ~3I0. ǖۻ۾ Cc j@3 3{3,jCq3 NCcRjaRUw ~3I0
CN,In0CN< L<N3jR,awcjIICN3 NCcRjaRUw N0 c@U3 NCcRjaRUw. ধ
Cc j@3 cUCNAjaNc83a 3|,C3N,wYЙзχ BG30 3j IYЙзЎ a3URaj30 j@3 8RIA
IRsCN< UaL3j3ac 8Ra +RИе73Ѝе#Ие j@CN ~ILcY i@3 0LUCN< ,RNA
cjNj ঢ 03U3N0c RN j@3 ~IL j@C,GN3cc N0 a3q3Ic qIn3c $3js33N N0  8Ra j@CN ~ILc $3js33N  PO N0  POY ۾ Θ ܑஆୀஉଶஅ
sc a3URaj30 jR $3 O,O˥ଓ. Ij@Rn<@ j@Cc qIn3 IcR 03U3N0c
RN j@3 ~IL j@C,GN3ccY i@3 cjnajCRN L<N3jCyjCRN sc  6
V M#O˥଒WY #w UUIwCN< DnIICěa3c LR03I jR j@3 iK` 3{3,j
 cUCN URIaCyjCRN R8 ܜ   sc 03j3aLCN30Y i@3c3 qIn3c
a3 ,RLUa$I3 jR j@3 RN3c R$jCN30 8Ra KNДAu;. 3u,3Uj 8Ra j@3
IRs3a cUCN URIaCyjCRN N0 @C<@3a L<N3jCyjCRNY ?Rs3q3a. ncA
CN< j@3 UaL3j3ac R8 +RИе73Ѝе#Ие  ,aCjC,I ,naa3Nj 03NcCjw R8
UUaRuCLj3Iw   ଗ#EO˥ଓsc ,I,nIj30Y 7Ra 3uLUI3.K3N<
3j IYЙзЋ a3URaj30  ,aCjC,I ,naa3Nj 03NcCjw R8   ଗ#EO˥ଓ 8Ra
 cj,G ,RNcCcjCN< R8 i V POWg+nM V POWgi V POWg+R73#
V POWgK<Q V POWg+R73# V POWgi V POWg+nM V POWg
`n V POWY i@3 IRs K<Q j@C,GN3cc Cc N3,3ccaw jR 3N$I3 bii
csCj,@CN<. Rj@3asCc3 j@3 UUIC30 qRIj<3 Cc jRR @C<@Y i@3 ,@C3q30۴܅ UaR0n,j sc účO N0 j@3 iK` 3{3,j Y i@3 IRs iK`
ajCR Cc $c30 RN j@3 j@CN K<Q $aaC3aY bGRsaRƫcGC 3j IYЙзο CNq3cA
jC<j30 j@3 03U3N03N,3 R8 j@3 iK` ajCR RN j@3 ۴܅ UaR0n,j N0
jjaC$nj30 j@3 IRs3a 3{3,j jR CLU3a83,jCRNc CN j@3 $aaC3aY i@nc
ϺϺЕ
ЙзϮ 2u,3Uj 8Ra  U3a83,jIw
,awcjIICN3 K<Q $aaC3aY
E
positive
negative
7C<na3 ϮϮ- +@a<3 ,aaC3a ,A
,nLnIjCRNg03UI3jCRN j j@3
$aaC3a CNj3a8,3 CN0n,30 $w
N 3I3,jaC, ~3I0 CN UKiDȕcY
+10mV
+500mV
-500mV
7C<na3 Ϻзз- KCNRa IRRUc 8Ra
0C{3a3Nj $Cc qRIj<3cY
ЙϺз vY b@CRj 3j IY BN- UUIC30
T@wcC,c 2uUa3cc ЙYЎ VЙззϮWd
iY MRyGC 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϮЎYЙ VЙзϺзWd iY
KanwL 3j IY BN- Mjna3
ϊYЕ VЙззϮWd KY r3Cc@3Cj 3j IY
BN- b,C3N,3 ЕϺχYχοϺз VЙззЋW
ЙϺϺ ?Y Q@NR 3j IY BN- Mjna3
ϊзοYЎοϺχ VЙзззW
ЙϺЙ KY 2N0R 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϮЎYЙϺ VЙзϺзW
ЙϺЕ ܚ ,N $3 ,I,nIj30 8aRL
j@3 ?II ,RNcjNjY
ЙϺϊ iY KanwL 3j IY BN-
Mjna3 ϊYЕ VЙззϮW
ЙϺχ rY ;Y rN< 3j IY BN-
Mjna3 Kj3aCIc ϺϺYϺ VЙзϺϺW
s3 a3 8,CN<  Ua30C,L3Nj. j@3 K<Q $aaC3a j@C,GN3cc @c jR
$3 03,a3c30 jR 3N$I3 j@3 bii UaR,3cc. $nj j@Cc L3Nc j@j j@3
iK` 3{3,j 03,a3c3c jRRYЙзϮ
 UaRLCcCN< jj3LUj jR Rq3a,RL3 j@3 R$cj,I3c R8  IRs $aA
aC3a j@C,GN3cc j@j IcR IRs3ac j@3 ,aCjC,I ,naa3Nj 03NcCjw Cc Nǖ۸A~3I0ACN0n,30 csCj,@CN< UaR,3ccY /n3 jR j@3 IRs j@CN ~IL j@C,GA
N3cc CN +RA73A# $c30 UKiDȕc. ncnIIw $3IRs  PO. j@3 3I3,jaC,
~3I0 Rq3a j@3 $aaC3a CN0n,30 $w j@3 UUIC30 $Cc qRIj<3 ܈܏
{3,jc j@3 ,@a<3 ,aaC3a 03NcCjw j j@3 K<Q CNj3a8,3 V,8Y 7C<A
na3 ϮϮWY Qq3a j@3 w3ac c3q3aI <aRnUc a3URaj30 ǖ۸A~3I0 3{3,jc
CN L<N3jC, j@CN ~ILcYЙϺз i@3 ~acj CNq3cjC<jCRNc s3a3 L03 CN
Йззз $w Q@NR 3j IYЙϺϺ CN L<N3jC, c3LC,RN0n,jRacY i@3 @RI3A
CN0n,30 83aaRL<N3jCcL sc LR0C~30 qC N 3I3,jaC,I ~3I0Y
7Ra  @C<@ N3<jCq3 VURcCjCq3W ǖ۸A~3I0. j@3 ,RN,3NjajCRN R8 @RI3c
sc CN,a3c30 V03,a3c30W N0 cR sc j@3 +naC3 j3LU3ajna3Y
2N0R 3j IYЙϺЙ CNq3cjC<j30 j@3 03U3N03N,3 R8L<N3jC, NCcRjaRUw
RN 3I3,jaC, ~3I0 3{3,jc CN +RA73A# j@CN ~ILcY i@3w ,aaC30 Rnj
?2 L3cna3L3Njc sCj@ N 00CjCRNI ǖ۸A~3I0 UaII3I jR j@3ǖۻA~3I0Y i@3 @C<@3a VIRs3aW U3aU3N0C,nIa NCcRjaRUw 3N3a<w sc
jjaC$nj30 jR  03UI3jCRN V,,nLnIjCRNW R8 ,@a<3 ,aaC3ac j j@3
CNj3a8,3Y ?Rs3q3a. jR j@3 $3cj R8 Rna GNRsI30<3  ,I3a 03U3NA
03N,3 $3js33N 3I3,jaRN 03NcCjw ܚ N0 j@3 TK sc NRj a3URaj30
w3jYЙϺЕ QNIw KanwL 3j IYЙϺϊ c@Rs30  \nNjCjjCq3 qIn3 8Ra
j@3 a3IjCRN R8 3I3,jaRN 03NcCjw N0 TK CN 73 j@CN ~ILcY #w
UUIwCN<  $Cc qRIj<3 R8 8 N 3I3,jaRN ~IICN< R8   ˥ଔ
3I3,jaRNc U3a 73 jRL sc 03j3aLCN30Y i@Cc ,Raa3cURN0c jR 
,@N<3 R8 j@3 ,@3LC,I URj3NjCI $w OG8Y i@3 a3URaj30 ǖ۸A~3I0
03U3N03N,3 sc nc30 $w rN< 3j IYЙϺχ jR R$jCN 3I3,jaC,A~3I0A
ccCcj30 csCj,@CN< CN KiDȕcY #w UUIwCN<  $Cc L<N3jC, N0
3I3,jaC, ~3I0 Vǖۻ܏ N0 ǖ۸܏W. N bii ICG3 csCj,@CN< R8 j@3 3I3,jaR03c
sc a3ICy30Y i@Cc bii ICG3 csCj,@CN< 3{3,j Cc CIIncjaj30 CN 7C<A
na3 ϺзϺY bjajCN< CN  UaII3I cjj3 R8 j@3 3I3,jaR03c N 3uj3aNI
L<N3jC, ~3I0 Cc UUIC30 ,IRc3 jR j@3 csCj,@CN< R8 j@3 cR8j 3I3,A
jaR03Y MRs N 3I3,jaC, ~3I0 Cc UUIC30 jR a30n,3 j@3 ,R3a,Cq3 ~3I0
R8 j@3 cR8j 3I3,jaR03. j@nc j@3 L<N3jCyjCRN 0Ca3,jCRN ,@N<3c
CNjR j@3 NjCUaII3I cjj3Y i@3 NjCUaII3I cjj3 Cc cj$I3 3q3N
s@3N j@3 3I3,jaC, ~3I0 Cc a3LRq30Y iR csCj,@ j@3 @a0 3I3,jaR03.
CY3Y. ,@C3q3 j@3 UaII3I cjj3 <CN. N 3I3,jaC, ~3I0 R8 RUURcCj3
URIaCjw jR j@3 CNCjCI 3I3,jaC, ~3I0 Cc UUIC30Y MRs j@3 @a0 3I3,A
jaR03 c@Rsc  IRs3a ,R3a,CqCjw N0 j@3 3uj3aNI L<N3jC, ~3I0
csCj,@3c j@3 3I3,jaR03Y 8j3asa0c j@3 3I3,jaC, N0 L<N3jC,
~3I0c a3 a3LRq30 N0  cj$I3 UaII3I cjj3 Cc R$jCN30Y ?RsA
3q3a. nNICG3 j@3 bii UaR,3cc j@Cc 3I3,jaC, ~3I0 CN0n,30 csCj,@CN<
ϺϺϊ
7C<na3 ϺзϺ- b,@3LjC, cG3j,@ R8 3I3,jaC,A~3I0AccCcj30 csCj,@CN< R8 KiDȕcY i@3 jRU
aRs ,Raa3cURN0c jR j@3 cR8j 3I3,jaR03 N0 j@3 $RjjRL aRs jR j@3 @a0 3I3,jaR03Y
i@3 $In3 0Rjc CN0C,j3 j@3 Ua3c3Nj cjj3Y i@3 <a33N 0c@30 ICN3 ,Raa3cURN0c jR
j@3 3uj3aNI L<N3jC, ~3I0. j@3 a30 aaRs cU3,C~3c j@3 L<N3jCyjCRN 0Ca3,jCRN
R8 j@3 a3cU3,jCq3 3I3,jaR03YЙϺЎ
ЙϺЎ rY ;Y rN< 3j IY BN-
Mjna3 Kj3aCIc ϺϺYϺ VЙзϺϺW
ЙϺЋ rY ;Y rN< 3j IY BN-
Mjna3 Kj3aCIc ϺϺYϺ VЙзϺϺW
ЙϺο rY ;Y rN< 3j IY BN-
Mjna3 Kj3aCIc ϺϺYϺ VЙзϺϺW
ЙϺϮ bY FNC 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзϊYЙϺ VЙзϺϊW
ЙЙз i@3 ,RLU3NcjCRN ~3I0
Cc UaR$$Iw Iswc a3\nCa30
8Ra csCj,@CN<Y
a3\nCa3c N 3uj3aNI L<N3jC, ~3I0 N0 j@3 ~NI UaII3I cjj3
0C{3ac 8aRL j@3 CNCjCI UaII3I cjj3Y 7Ra j@j a3cRN. jR R$jCN
 a3UaR0n,C$I3 saCjCN< UaR,3cc j@3 URIaCjw R8 j@3 ǖۻ܏ @c jR $3
,@N<30Y iR Rq3a,RL3 j@Cc R$cj,I3 rN< 3j IYЙϺЋ c@Rs30 N
3I3,jaC,A~3I0ACN0n,30 nNCURIa csCj,@CN<.  ,RL$CNjCRN R8 bii
N0 ǖ۸A~3I0 3{3,j sCj@ N UUIC30 ǖۻA~3I0Y i@3 8nN,jCRNICjw R8
j@Cc csCj,@CN< UaR,3cc Cc c 8RIIRsc- N 3uj3aNI $Cc L<N3jC,
~3I0 Cc UUIC30 0naCN< j@3 s@RI3 UaR,3cc. j@3N OU UnIc3c R8 
@C<@ N3<jCq3 qRIj<3 V˥8W a3 UUIC30 N0 j@3 L<N3jCyjCRN
0Ca3,jCRN R8 j@3 cR8j 3I3,jaR03 csCj,@3c 0n3 jR j@3 bii 3{3,jY 8A
j3asa0c N 3q3N @C<@3a N3<jCq3 $Cc UnIc3 V˥8W Cc UUIC30 8RaOUY MRs j@3 CN0n,30 ǖ۸A~3I0 a30n,3c j@3 ,R3a,Cq3 ~3I0 N0
j@3 UUIC30 ǖۻ܏ csCj,@3c j@3 cR8j 3I3,jaR03 CNjR j@3 UaII3I cjj3Y
i@3 a3cnIjCN< ,naa3Nj 03NcCjC3c 8Ra j@Cc UaR,3cc s3a3 a3URaj30 jR
$3 ˥  କ#EO˥ଓY rN< 3j IYЙϺο jjaC$nj30 j@3 IRs3a ,naa3Nj
03NcCjw jR j@3 a30n,jCRN R8 j@3 3N3a<w $aaC3a $w ǖۻ܏Y MRN3j@3I3cc.
RN3 @c jR G33U CN LCN0 j@j j@3 UUIC30 ǖۻ܏ IcR 03,a3c3cǖܖܐ V,8Y
2\njCRN VχЙWWY BN 00CjCRN.  OU UnIc3 Cc jRR cIRs 8Ra j@3
CLUI3L3NjjCRN CN K`K 03qC,3c $3,nc3 j@3 jaNcCcjRa sRaGc
CN j@3 )*\ a3<CRNY `3,3NjIw. FNC 3j IYЙϺϮ Un$ICc@30  UU3a RN
L<N3jCyjCRN csCj,@CN< CN j@3 NNRc3,RN0 a3<CL3 8Ra +RA73A#
$c30 KiDȕc $w  ,RL$CNjCRN R8 bii N0 ǖ۸A~3I0 3{3,jcY i@3a3A
8Ra3. j@3w UUIC30 N 3uj3aNI L<N3jC, ~3I0 jR ,RLU3Ncj3 j@3
cjaw ~3I0 ǖۻܟ 8aRL j@3 a383a3N,3 Iw3aYЙЙз i@3N N CNCjCI UnIc3
R8 8 sc UUIC30 jR csCj,@ CNjR j@3 NjCUaII3I cjj3Y i@3
L<N3jCyjCRN R8 j@3 cR8j Iw3a Ua3,3cc30 aRnN0 j@3 3uj3aNI
L<N3jC, ~3I0Y i@3 0najCRN R8 j@3 UnIc3 sc $3IRs  PU jR
ϺϺχ
ЙЙϺ bY FNC 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзϊYЙϺ VЙзϺϊW
ЙЙЙ DY ;Y Iyj3 3j IY BN-
B222 BNj3aNjCRNI 2I3,jaRN
/3qC,3c K33jCN< VЙзϺЙW
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7C<na3 ϺзЙ- +RLUaCcRN $3A
js33N j@3 HN<3qCN 8nN,jCRN
Va30W N0 j@3 ୅ଲିହ
ܤଔ 8nN,A
jCRN V<a33NWY
UaR@C$Cj N Rc,CIIjRaw 03U3N03N,3 R8 j@3 csCj,@CN< UaR$$CICjwY
8j3asa0c.  IRs3a qRIj<3 sCj@ cL3 URIaCjw V8W sc UA
UIC30 jR CN0n,3 N bii 3{3,jY /n3 jR j@3 LCcIC<NL3Nj R8 j@3
cR8j 3I3,jaR03 L<N3jCyjCRN 0Ca3,jCRN. CN0n,30 $w j@3 CNj3aUIw
R8 j@3 L<N3jC, N0 3I3,jaC, ~3I0.  @C<@ jRa\n3 sc UUIC30 jR
j@3 +RA73A# Iw3aY 7Ra j@j a3cRN. j@3 ,@C3q30 ,naa3Nj 03NcCjC3c
s3a3 c IRs c   ଖ#EO˥ଓY #w ,RL$CNjCRN R8 bii. ǖ۸A~3I0
N0 ǖۻA~3I0 3{3,jc FNC 3j IYЙЙϺ s3a3 $I3 jR IRs3a j@3 csCj,@CN<
jCL3Y ?Rs3q3a. j@3 N3,3ccCjw R8 N 00CjCRNI ICN3 8Ra j@3 L<A
N3jC, ~3I0 a30n,3c j@3 UUIC,$CICjw R8 j@3 +RA73A# $c30 KiDȕcY
iR Rq3a,RL3 j@3 a3\nCa30 3uj3aNI L<N3jC, ~3I0 Iyj3 3j IYЙЙЙ
UaRURc30 ncCN<  NRNAy3aR I3G<3 ,naa3Nj ,jCN< c  ~3I0AICG3
biiY
NRj@3a CNj3a3cjCN< U@3NRL3NRN j@j R,,nac CN j@CN. cCN<I3A
0RLCN 83aaRVCWL<N3jC, Iw3ac Cc cnU3aUaL<N3jCcLY Mā3I
URCNj30 Rnj j@j j@3aLI n,jnjCRNc CN  cCN<I3A0RLCN UajC,I3
,RnI0 ,nc3  #aRsNCNAICG3 L<N3jCyjCRN aRjjCRNY i@3 jCL3
$3js33N jsR CUc R8 j@3 L<N3jCyjCRN 0Ca3,jCRN Cc ,II30 Mā3I
a3IujCRN jCL3 ঵܁  ঵଑ GZR ന ۾܉ܗ۵܇ഫ VχϊW
sCj@ ۾ j@3 NCcRjaRUw 3N3a<w. ܉ j@3 qRInL3 R8 j@3 UajC,I3. ܗ۵
j@3 #RIjyLNN ,RNcjNj. ঵଑ j@3 ,@a,j3aCcjC, I3N<j@ R8 jCL3 R8
j@3 Ra03a R8 ˥ଚ U. N0 ܇ j@3 j3LU3ajna3Y rCj@Rnj N 3uj3aNI
~3I0. s@3N j@3 L3cnaCN< jCL3 ঵܀ Cc Ia<3a j@3N ঵܁ j@3 L<A
N3jCyjCRN R8 j@3 cLUI3 c33Lc jR $3 y3aRY i@Cc cjj3 Cc ,II30
cnU3aUaL<N3jC,Y i@3a38Ra3. j@3 cjj3 R8 j@3 UajC,I3 03U3N0c
RN j@3 L3cnaCN< jCL3Y  jaNcCjCRN $3js33N j@3 cnU3aUaLA
<N3jC, N0 j@3 83aaRL<N3jC, cjj3 R,,nac s@3N ঵܀  ঵܁Y i@3
j3LU3ajna3 R8 j@3 jaNcCjCRN Cc ,II30 $IR,GCN< j3LU3ajna3 ܇۵.܇۵  ۾܉ܗ۵ NP ധ ঵܀঵ଛ പ  VχχW
#w UUIwCN< N 3uj3aNI L<N3jC, ~3I0. j@3 cLUI3 ,N $3 L<A
N3jCy30 ICG3  UaL<N3j $nj j@3 L<N3jC, LRL3Nj Cc @C<@3aY
7Ra C03NjC,I UajC,I3c j@3 L<N3jCyjCRN 03U3N0c RN j@3 3uj3aNI
L<N3jC, ~3I0 ICG3  HN<3qCN 8nN,jCRN V,8Y 7C<na3 ϺзЙW-
ǖ܀
ǖۻ  ܁ǖܙϨϩϩϩϪEQVJ ϨϩϩϩϪ ǖܙǖۻܒܤܠܗ۵܇
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ϫϬϬϬϭ VχЎW
ǖܙ 03NRj3c j@3 L<N3jC, LRL3Nj. ǖۻܒܤܠ j@3 3uj3aNI L<N3jC, ~3I0.܁ j@3 NnL$3a R8 UajC,I3c N0 ۿ j@3 HN<3qCN 8nN,jCRNYЙЙЕ B8
ϺϺЎ
ЙЙϊ +Y TY #3N N0 DY /Y
HCqCN<cjRNY BN- DRnaNI R8 UA
UIC30 T@wcC,c ЕзYϊ VϺϮχϮWd 2Y +Y
bjRN3a N0 2Y TY rR@I8aj@Y
BN- T@CIRcRU@C,I iaNc,jCRNc
R8 j@3 `RwI bR,C3jw R8 HRN0RNY
b3aC3c Y Kj@3LjC,I N0
T@wcC,I b,C3N,3c VϺϮϊοW
ЙЙχ rY +Y MnN3c 3j IY BN-
T@wcC,I `3qC3s # ЋзYϺ VЙззϊW
ЙЙЎ pY /a3s3IIR 3j IY BN-
T@wcC,I `3qC3s # ЋЋYϺ VЙззοWd
rY bGRsaRƫcGC 3j IY BN-
DRnaNI R8 UUIC30 T@wcC,c
ϺзЋYϮ VЙзϺзW
j@3 j3LU3ajna3 Cc @C<@ 3NRn<@ V܇ ̸ ۾܉ܗ۵W j@3 L<N3jCyjCRN
c@Rsc  VCPJ
ܤ 03U3N03N,3Y
H3j nc jG3 N ,,nLnIjCRN R8 NRNACNj3a,jCN< cCN<I3A0RLCN
UajC,I3c R8 cL3 cCy3 sCj@ nNCuCI NCcRjaRUwY BN j@Cc ,c3. j@3
j3LU3ajna3 03U3N03N,3 R8 j@3 ,R3a,Cq3 ~3I0 Cc <Cq3N $w j@3
bjRN3aArR@I8aj@ j@3Raw sCj@ j@3aLI n,jnjCRNc-
ǖۻܐ
܇  ঴ ۾ǖ܀ܟ
ϨϩϩϩϩϩϩϪ ˥ ന ܇܇۵ ഫ
ଜଝ ϫϬϬϬϬϬϬϭ VχЋW
঴ Cc RN3 C8 j@3 UajC,I3 3cw u3c a3 IC<N30 Ra  C8 j@3 UajC,I3c
a3 aN0RLIw RaC3Nj30Y ঴۾ ǖ܀ܟ  ǖۻܐ଑ Cc j@3 ,R3a,CqCjw j -YЙЙϊ
?Rs3q3a. 8Ra  cwcj3L sCj@ 0C{3a3Nj UajC,I3 cCy3c j@3 ,I,nIjCRN
R8 ǖۻܐ 8,3c cRL3 R$cj,I3cY 7Ra 3uLUI3 j@3 $IR,GCN< j3LU3ajna3
03U3N0c RN j@3 UajC,I3 cCy3 V,8Y 2\njCRN VχχWWY BN 00CjCRN. j@3
q3a<3 ,R3a,Cq3 ~3I0 Cc cLII3a 8Ra cnU3aUaL<N3jC, UajC,I3c.
s@Rc3 a3IjCq3 8a,jCRN CN,a3c3c sCj@ CN,a3cCN< j3LU3ajna3.
j@N 8Ra UajC,I3c j@j a3LCN $IR,G30YЙЙχ
bnLLaCyCN<. j@3 $Rq3AL3NjCRN30 ǖ۸A~3I0 3{3,jc a3 CNj3aA
3cjCN< 8Ra nc<3 CN +RA73A# $c30 KiDȕc N0 K`K 03qC,3cY
?Rs3q3a. Cj Cc ,RLLRNIw GNRsN j@j j@3 j3LU3ajna3 CN U3aA
cRNI ,RLUnj3ac Cc $Rq3 -Y i@3a38Ra3.  cnU3aUaL<N3jC,
+RA73A# Iw3a CN N K`K 03qC,3 sRnI0 I30 jR 0j I3G<3Y
BN s@j 8RIIRsc. s3 sCII 03c,aC$3 Rna jaNcURaj L3cna3L3Njc
RN +RA73A# $c30 KiDȕc sCj@ 0C{3a3Nj $aaC3a j@C,GN3cc3cY i@3
jaNcURaj UaRU3ajC3c sCII $3 NIwy30 a3<a0CN< j@3 j3LU3ajna3
N0 $Cc qRIj<3 03U3N03N,3Y
rζ ϿЁζϿΞЁζβ АЭϿϔΫΞϣ +RA73A# $c30 KiDȕc V,8Y 7C<na3 ϺзЕW sCj@ 
$RjjRL ,RN0n,jCRN Iw3a ,RNcCcjCN< R8 i V POWg`n V POWgi
V POWY QN jRU   PO j@C,G +Rωе73ωе#Ие Iw3a sc 03URcCj30
8RaLCN< j@3 $RjjRL 3I3,jaR03Y i@3 j@C,GN3cc R8 j@3 8RIIRsCN<
K<Q $aaC3a sc qaC30 8aRL  PO jR  POY i@3 jRU 3I3,A
jaR03 ,RNcCcjc R8   PO j@C,G +Rωе73ωе#Ие Iw3aY iR Ua3q3Nj j@3
cj,G 8aRL RuC0CyCN<   PO j@C,G i N0  PO j@C,G `n Iw3a
s3a3 cUnjj3a30Y i@3 s@RI3 cj,G sc Ua3Ua30 j `i N0 s3Nj
j@aRn<@ N 00CjCRNI 3uAcCjn URcjANN3ICN< UaR,3ccY i@3 0nA
ajCRN jCL3 sc OKP N0 j@3 j3LU3ajna3  ˫%YЙЙЎ i@nc j@3
TK R8 j@3 +RA73A# 3I3,jaR03c N0 j@3 ,awcjIICyjCRN R8 j@3
K<Q $aaC3a CN VззϺW 0Ca3,jCRN s3a3 ,@C3q30Y iR cnUURaj j@3
8RaLjCRN R8 j@3 TK N 3uj3aNI L<N3jC, ~3I0 R8 1G sc
UUIC30 0naCN< j@3 3NjCa3 UaR,3ccY 8j3a j@3 URcjANN3ICN< UaRA
,3cc. s3 Ua3Ua30 jnNN3I EnN,jCRNcsCj@ cCy3c R8 čOଓ. čOଓ
ϺϺЋ
ЙЙЋ Y ;3$n3aY #,@3IRa
j@3cCcY #C3I383I0 mNCq3acCjw.
7,nIjw R8 T@wcC,c. ЙзϺϊ
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7C<na3 ϺзЕ- iwUC,I +RA73A#
$c30 KiD sCj@ ଒ ିା $RjA
jRL N0 ଒ଓ ିା jRU 3I3,jaR03Y
i@3 j@C,GN3cc R8 j@3 K<Q
$aaC3a sc qaC30 $3js33Nܑܤ  ଒ଖ ିା jR ଓଗ ିାY
ЙЙο +Y vY vRn 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ϺзϊYЕ
VЙззοW
ЙЙϮ ?Y Fnaj 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϮЎYЙЎ VЙзϺзW
ЙЕз /YAbY H33 3j IY BN- B222
iaNc,jCRNc RN K<N3jC,c
χзYЋ VЙзϺϊWd iY HCn 3j IY BN-
b,C3NjC~, a3URajc ϊ VЙзϺϊWd
/Y FCL 3j IY BN- DRnaNI R8
K<N3jCcL N0 K<N3jC,
Kj3aCIc ЕЋχ VЙзϺχW
ЙЕϺ /YAbY H33 3j IY BN- B222
iaNc,jCRNc RN K<N3jC,c
χзYЋ VЙзϺϊW
ЙЕЙ iY HCn 3j IY BN- b,C3NjC~,
a3URajc ϊ VЙзϺϊW
N0 čOଓ $w mp ICj@R<aU@w N0 aZ $3L 3j,@CN<Y +RNj,j
U0c s3a3 8RaL30 $w   PO j@C,G i N0   PO j@C,G n Iw3aY
KRa3 CN8RaLjCRN $Rnj j@3 cj,G Ua3UajCRN ,N $3 8RnN0 3Ic3A
s@3a3YЙЙЋ
Ij@Rn<@ vRn 3j IYЙЙο a3URaj30  URIw,awcjIICN3 RaC3NjjCRN
R8 K<Q <aRsN RN LRaU@Rnc +RA73A#. j@3 URcjANN3ICN< UaRA
,3cc a3q3Ic 8naj@3a 0qNj<3cY /naCN< NN3ICN<  LC<ajCRN R8
# jRLc R,,nacY BN Ra03a jR qRC0 j@3 # 0C{ncCRN CNjR j@3 K<Q
$aaC3a. 0n3 jR j@3 @C<@ Ruw<3N |NCjw R8 #. N LRaU@Rnc Lj3A
aCI ICG3 i Cc 03URcCj30 N3uj jR j@3 +RA73A# 3I3,jaR03cY i@3a38Ra3.
j@3 # Cc $cRa$30 $w j@3 i Iw3a N0 j j@3 $aaC3a CNj3a8,3 
,I3N N0 @C<@Iw ,awcjIICy30 +RA73 Iw3a Cc ,a3j30YЙЙϮ Bj Cc sRaj@
NRjCN< j@j. j@3 i 0C{nc3c CNjR j@3 +RA73A# Iw3a N0 ,nc3c 
L<N3jC, 030 Iw3a VK/HW sCj@  j@C,GN3cc R8 c3q3aI ȔY i@3
j@CNN3a j@3 L<N3jC, 030 Iw3a. j@3 $3jj3a j@3 cj,G \nICjwY i@3
K/H 03U3N0c RN j@3 i j@C,GN3cc $nj ,RnI0 IcR $3 a30n,30
$w a3UI,CN< i sCj@ M$. KR Ra 73xaYЙЕз H33 3j IYЙЕϺ a3URaj30
N 3cjCLj30 K/H R8 RNIw  PO 8Ra j@3 M$ $n{3a Iw3a N0 PO 8Ra j@3 i Iw3aY i@Cc ,RnI0 $3 N 3uUINjCRN 8Ra j@3
IRs3a ,R3a,Cq3 ~3I0 R8 j@3 +RA73A# sCj@ M$ c330 Iw3aY i@3 CNA
j3a8,3 NCcRjaRUw ۾ܕ Cc CN j@3 aN<3 R8 O,O˥ଓ N0 O,O˥ଓ
8Ra  M$ N0 i Iw3aY KR CN,a3c3c j@3 j@3aLI cj$CICjw R8 j@3
KiD N0 3N$I3c @C<@3a NN3ICN< j3LU3ajna3c nU jR  ˫%Y
HCn 3j IYЙЕЙ a3URaj30 N CNj3a8,3 NCcRjaRUw R8 O,O˥ଓ N0 
K/H R8  POY LRaU@Rnc 73xa Cc  <RR0 # $cRa$3a. $3,nc3
73xa# Cc LRa3 cj$I3 j@N 73xaY iR ,@C3q3  ,awcjIICN3 73xa
Iw3a N0 j@nc a30n,3 # $cRaUjCRN  j3LU3ajna3 R8 - @c
jR $3 a3,@30Y i@3 3cjCLj30 K/H sc a3URaj30 jR $3  PO
N0 j@3 CNj3a8,3 NCcRjaRUw jR $3 O,O˥ଓY #3,nc3 R8 j@3 IRs
K/H N0 j@3 La<CNI 0C{3a3N,3c $3js33N M$ N0 i s3 nc30
 i $n{3a Iw3aY
i@3 jaNcURaj L3cna3L3Njc s3a3 ,aaC30 Rnj $w ,RNq3NjCRNI
jsR UaR$3 j3,@NC\n3 CN  ,IRc30A,w,I3 @3ICnL ,awRcjj VQu8Ra0
+awR0aCq3 ϺYχW sCj@CN  j3LU3ajna3 aN<3 $3js33N - N0-Y
i3LU3ajna3 03U3N03Nj jaNcURaj L3cna3L3Njc
i@3 03U3N03N,3 R8 j@3 iK` 3{3,j RN j@3 j3LU3ajna3 8Ra N KiD
cj,G sCj@   PO j@C,G K<Q $aaC3a Cc 03UC,j30 CN 7C<na3 ϺзϊY
Uaj 8aRL j@3 j3LU3ajna3 03U3N03N,3. j@3 iK` 3{3,j c@Rsc
03U3N03N,3 RN 3I3L3Nj cCy3 VčOଓ. čOଓ N0 čOଓWY
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7C<na3 Ϻзϊ- iK` 3{3,j Rq3a j3LU3ajna3 8Ra  cj,GsCj@ ଒ଖ ିା j@C,GK<Q $aaC3aY
i@3 KiD a3c a3 ଒଑଑čାଝ V$In3W. ଓଓଖčାଝ Va30W. N0 ଗଓଖčାଝ V<a33NWY
ЙЕЕ ୨  றபய
ଜଠ நறபய
ଞଛଛ ந
ЙЕϊ +Y ?Y b@N< 3j IY BN-
T@wcC,I `3qC3s # χοYЎ VϺϮϮοW
ЙЕχ DY bY KRR03a N0 ;Y
Kj@RNY BN- DRnaNI R8 K<A
N3jCcL N0 K<N3jC, Kj3aCIc
Йзз VϺϮϮϮW
ЙЕЎ pY /a3s3IIR 3j IY BN-
T@wcC,I `3qC3s # ЋЋYϺ VЙззοW
ЙЕЋ DY BNRn3 N0 bY K3GsY
BN- DRnaNI R8 K<N3jCcL N0
K<N3jC, Kj3aCIc ϺϮοAϺϮϮ
VϺϮϮϮW
ЙЕο +Y +Y icC 3j IY BN- B222
iaNc,jCRNc RN K<N3jC,c
χзYϺ VЙзϺϊW
i@3 @C<@3cj VIRs3cjW iK` 3{3,j Cc 8RnN0 8Ra j@3 cLII3cj VIa<3cjW
3I3L3NjcY 7Ra j@Cc a3cRN. s3 sCII RNIw ,RNcC03a j@3 j3LU3ajna3
03U3N03N,3 R8 j@3 čOଓ 3I3L3NjY  iK` ajCR R8  Cc 8RnN0
j -Y #w 03,a3cCN< j@3 j3LU3ajna3 jR - j@3 iK` 3{3,j
CN,a3c3c jR  Vå  WYЙЕЕ i@Cc j3LU3ajna3 03U3N03N,3
Cc $c30 RN j@3 ,RNcjNj UaII3I a3 a3cCcjN,3 V۴܅W UaR0n,j.
s@3a3c j@3 NjCUaII3I ۴܅ CN,a3c3cY jj3LUjc s3a3 L03 jR
03c,aC$3 j@Cc $3@qCRa $w b@N< 3j IYЙЕϊ N0 KRR03a 3j IYЙЕχ
#Rj@ <aRnUc R$c3aq30  j3LU3ajna3 03U3N03N,3 R8 j@3 cUCN URA
IaCyjCRN R8 j@3 83aaRL<N3jC, 3I3,jaR03cY BN 00CjCRN. /a3s3IIR
3j IYЙЕЎ a3URaj30 N 3uUN030 L<NRN LR03I. s@3a3 j@3aLI
cL3aCN< sc jG3N CNjR ,,RnNjY 7naj@3aLRa3. cUCNACU 3{3,jc.
s@C,@ a3 j3LU3ajna3 03U3N03Nj. a3 CNqRIq30YЙЕЋ ?3N,3. j@3
CN,a3c3 R8 j@3 iK` sCj@ 03,a3cCN< j3LU3ajna3 Cc ,IaC~30Y
?Rs3q3a. aRnN0 - j@3 cIRU3 0Cq3a<3c 8aRL j@3 ILRcj
ICN3a CN,a3c3 N0 8aRL - jR -  03,w R8 j@3 iK` 3{3,j Cc
qCcC$I3 8Ra II 3I3L3Nj cCy3cY p3aw a3,3NjIw. icC 3j IYЙЕο a3URaj30
 cnU3aUaL<N3jC, cjj3 CN K<Qg+RA73A#gi cjan,jna3cY i@3w
,aaC30 Rnj pbK L3cna3L3Njc RN j cLUI3cY i@3 R$jCN30
8nII @wcj3a3cCc IRRUc cn<<3cj  cnU3aUaL<N3jC, cjj3 j aRnN0- 8Ra   PO j@C,G +RA73A# Iw3a j@j Cc nc30 c $RjjRL 3I3,A
jaR03Y i@3 jRU 3I3,jaR03. ,RNcCcjCN< R8  PO +RA73A#. c@Rsc
 cnU3aUaL<N3jC, cjj3 j aRnN0 -Y iR 03j3aLCN3 j@3
cnU3aUaL<N3jC, cjj3 s3 c@II jG3  ,IRc3a IRRG j j@3 LERa
IRRUc j 0C{3a3Nj j3LU3ajna3c V,8Y 7C<na3 ϺзχWY i@3 iK` 3{3,j
j - c@Rsc  0CcjCN,j NjCUaII3I cjj3 R8 j@3 3I3,jaR03cY i@3
@a0 3I3,jaR03 csCj,@3c c@aUIw. s@3a3c j@3 cR8j 3I3,jaR03 c@RscܟAICG3 csCj,@CN<Y i@Cc ܟAc@U3 $3,RL3cLRa3 0CcjCN,j sCj@ CN,a3cA
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7C<na3 Ϻзχ- /C{3a3Nj iK` ,naq3c j VW ଓଔ଑எ. V$W ଓଖ଑எ. N0 V,W ଓଙ଑எY i@3 nU,RLCN< cnU3aUaL<N3jC, cjj3 ,N
$3 R$c3aq30 CN j@3 ܟAICG3 ,naq3 R8 j@3 cR8j 3I3,jaR03Y i@3 ୅ଲିହ V<a33NW N0 HN<3qCN 8nN,jCRN Va30W s3a3 c,I30 N0
c@C8j30 jR URcCjCq3 ~3I0c. $nj CN0C,j3 j@3 cnU3aUaL<N3jC, cjj3Y
ЙЕϮ KY +Y icC 3j IY BN- DRnaA
NI R8 UUIC30 T@wcC,c ϺϺЕYϺЋ
VЙзϺЕW
T
Hc
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7C<na3 ϺзЎ- b,@3LjC, cG3j,@
R8 j@3 ,R3a,Cq3 ~3I0 ,aRccRq3a
R8 3I3,jaR03 7Kଜ V<a33NW N0
7Kଝ V$In3WY
CN< j3LU3ajna3 V,8Y 7C<na3c Ϻзχ V$W N0 Ϻзχ V,WWY j  j3LU3ajna3
R8 - j@3 LERa IRRU Cc cCLCIa jR  VCPJA8nN,jCRN. s@C,@ URCNjc
jR  cnU3aUaL<N3jC, cjj3Y j - j@3 ܟAc@U3 IRRGc ICG3 
HN<3qCN 8nN,jCRNY #3,nc3 R8 j@3 cnU3aUaL<N3jC, 3I3,jaR03
j@3 NjCUaII3I cjj3 Cc NRj ,@C3q$I3Y
i@3 a3LCNCN< \n3cjCRN Cc j@3 03,w R8 j@3 iK` 3{3,j $3js33N- N0 -Y icC 3j IYЙЕϮ a3URaj30  ,R3a,Cq3 ~3I0 ,aRccRq3a CN
K<Qg+RA73A#gi cjan,jna3c. 0n3 jR 0C{3a3N,3c CN j3LU3ajna3
03U3N03N,3 R8 j@3 +RA73A# j@CN ~ILcY 7Ra j@Cc a3cRN. 0naCN<
,RRICN< Ra @3jCN< j@3 cR8j V@a0W 3I3,jaR03 $3,RL3c j@3 @a0
VcR8jW 3I3,jaR03 V,8Y 7C<na3 ϺзЎWY 7C<na3 ϺзЋ CIIncjaj3c Rna LERa
IRRUc R$jCN30 $3js33N - N0 -Y j - j@3 ,R3a,Cq3 ~3I0c
R8 j@3 cR8j N0 @a0 3I3,jaR03 a3 ILRcj 3\nIY i@3 NjCUaII3I
cjj3 Cc ,@C3q30. $nj RNIw 8Ra aRnN0 1GY #w CN,a3cCN< j@3
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7C<na3 ϺзЋ- KERa IRRUc j VW ଔ଑எ. V$W କ଑எ. N0 V,W ଖ଑எ j@j CIIncjaj3 j@3 ,aRccRq3a R8 j@3 ,R3a,Cq3 ~3I0cY i@3 a30
,naq3 Cc N 3NIa<30 qC3s R8 j@3 $,G<aRnN0 R8 j@3 LERa IRRU j ଔ଑எY
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7C<na3 Ϻзο- +R3a,Cq3 ~3I0 R8 j@3 ଒ ିା V$In3W N0 ଒ଓ ିା V<a33NW j@C,G +RA73A#
3I3,jaR03c 03U3N0CN< RN j3LU3ajna3Y i@3 K<Q $aaC3a j@C,GN3cc sc ଒ଖ ିା
N0 j@3 3I3L3Nj cCy3 sc ଒଑଑čାଝY
Йϊз  c3,RN0 L3cna3L3Nj
j j@3 cL3 j3LU3ajna3
,RnI0 c@Rs  jwUC,I iK`
IRRU Ra j@3 cL3 IRRUY
ЙϊϺ 2Y +Y bjRN3a N0 2Y TY
rR@I8aj@Y BN- T@CIRcRU@C,I
iaNc,jCRNc R8 j@3 `RwI
bR,C3jw R8 HRN0RNY b3aC3c Y
Kj@3LjC,I N0 T@wcC,I
b,C3N,3c VϺϮϊοW
j3LU3ajna3 jR - NR NjCUaII3I cjj3 Cc qCcC$I3Y i@3 iK`
cC<NI Cc NRCcw N0 c@Rsc  ICN3a cIRU3 nNjCI Cj 0aRUc c@aUIw
j aRnN0 o M1GY i@3 ,@C3q30 iK` 3{3,j Cc IRs3a j@N Y
i@3 nN03a<aRnN0 cC<NI Cc IcR c33N CN j@3 iK` ,naq3 j -
V,8Y 7C<na3 ϺзЋ VWWY #w CN,a3cCN< j@3 j3LU3ajna3 jR - N
nU,RLCN< iK` 3{3,j Cc qCcC$I3Y ?Rs3q3a. s3 a3 cjCII CN  ,aCjC,I
j3LU3ajna3 a3<CL3 N0 j@nc j@3 iK` 3{3,j Cc RNIw qCcC$I3 RN j@3
N3<jCq3 ǖۻA~3I0 cC03YЙϊз j @C<@3a j3LU3ajna3c j@3 jaNcURaj
L3cna3L3Njc c@Rs  jwUC,I iK` ,naq3Y
i@3 j3LU3ajna3 03U3N03N,3 R8 j@3 ,R3a,Cq3 ~3I0 ǖۻܐ R8 $Rj@
+RA73A# 3I3,jaR03c 8Ra j@3 cLUI3 sCj@   PO j@C,G K<Q Iw3a
Cc c@RsN CN 7C<na3 ϺзοY i@3 ,R3a,CqCjw Cc 03j3aLCN30 8aRL j@3
R$jCN30 LERa IRRUcY #3js33N - N0 - j@3 @a0 3I3,jaR03
j `i. CY3Y. j@3  PO 3I3,jaR03. $3,RL3c j@3 cR8j 3I3,jaR03 N0
qC,3 q3acY i@3 R$jCN30 <aU@ sc ~jj30 $w 2\njCRN VχЋW R8
j@3 bjRN3aArR@I8aj@ЙϊϺ LR03IY i@3a38Ra3. j@3 03U3N03N,3 R8ǖۻܐ RN ܇଒ଓ sc nc30Y Bj @c jR $3 L3NjCRN30 j@j j@3 j@CN ~ILc
R8 j@Cc cCy3 a3 NRj cCN<I3 0RLCN UajC,I3cY 7Ra j@Cc a3cRN. j@3
3cjCLjCRN R8 j@3 $IR,GCN< j3LU3ajna3 qC j@3 bjRN3aArR@I8aj@
LR03I Cc LRa3 ICG3Iw  ~acj UUaRuCLjCRNY i@3 03j3aLCN30 qIA
܇ܜܛܟ۵ V-଒ଓW ܇ܚܒܔ۵ V-଒ଓW ۻܜܛܟܐ଑ V1GW ۻܚܒܔܐ଑ V1GW
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aj@ LR03I V,8Y 2\nA
jCRN VχЋWWY
ϺЙϺ
35
33
31
29
27
25
23
21
19
√T
B
 (K
1/
2 )
2.62.42.22.01.81.61.4
MgO thickness (nm)
100µm
2
225µm
2
625µm
2
18
17
16
15
14
√T
B
 (K
1/
2 )
2.62.42.22.01.81.61.4
MgO thickness (nm)
100µm
2
225µm
2
625µm
2
(a) (b)
7C<na3 ϺзϮ- /3U3N03N,3 R8 ˭܇۵ RN j@3 K<Q $aaC3a j@C,GN3cc 8Ra VW ଒ ିା N0 V$W ଒ଓ ିା +RA73A#Y i@3 3I3L3Nj
cCy3c s3a3 ଒଑଑čାଝ V$In3W. ଓଓଖčାଝ Va30W. N0 ଗଓଖčାଝ V<a33NWY
n3c 8Ra j@3 cLUI3sCj@  POK<Q$aaC3a a3 c@RsN CN i$I3 ϺϮY
i@3 03cC<NjCRN R8 cR8j N0 @a0 3I3,jaR03 a383ac jR j@3 L<N3jC,
cjj3 j -Y i@3 ,I,nIj30 qIn3c R8 ܇۵ 8Ra j@3 cR8j 3I3,jaR03
Cc - N0 8Ra j@3 @a0 3I3,jaR03 Cj Cc -Y i@3c3 a3A
cnIjc ~j CN s3II sCj@ j@3 3uU3aCL3NjIIw R$jCN30 0j 8Ra ܇ୄୀଷ୅۵ .
s@3a3c j@3 cnU3aUaL<N3jC, cjj3 R8 j@3 @a0 3I3,jaR03 sc
NRj a3,@30 j -Y j aRnN0 - j@3 LERa IRRU a3q3I30
N ܟAc@U3. 0n3 jR j@3 nU,RLCN< cnU3aUaL<N3jC, a3<CL3 R8
j@3  PO j@C,G 3I3,jaR03Y
i@3 Rj@3a cLUI3c sCj@  0C{3a3Nj K<Q $aaC3a j@C,GN3ccܑஐସஒ c@Rs N NIR<Rnc j3LU3ajna3 03U3N03N,3 R8 j@3 iK`
3{3,jY ?Rs3q3a. j@3 ǖۻܐ ,aRccRq3a j3LU3ajna3 ܇স N0 j@3 $IR,GA
CN< j3LU3ajna3 ܇۵ qaw sCj@ ܑஐସஒY 7C<na3 ϺзϮ CIIncjaj3c j@3܇଒ଓ۵ 03U3N03N,3 R8 $Rj@ +RA73A# 3I3,jaR03c RN j@3 $aaC3a j@C,GA
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7C<na3 ϺϺз- ܇স 03U3N0CN< RN j@3 K<Q $aaC3a j@C,GN3cc 8Ra 0C{3a3Nj 3I3L3Nj
cCy3c. ଒଑଑čାଝ V$In3W. ଓଓଖčାଝ Va30W. N0 ଗଓଖčାଝ V<a33NWY
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7C<na3 ϺϺϺ- iK` 3{3,j j ଓ଑எ 03U3N0CN< RN j@3 K<Q $aaC3a j@C,GN3cc 8Ra 0C{3aA
3Nj 3I3L3Nj cCy3c. ଒଑଑čାଝ V$In3W. ଓଓଖčାଝ Va30W. N0 ଗଓଖčାଝ V<a33NWY
ЙϊЙ bY vnc 3j IY BN- Mjna3
Kj3aCIc ЕYϺЙ VЙззϊW
N3ccY BN ,RNjacj jR j@3 $RjjRL 3I3,jaR03. j@3 ,R3a,Cq3 ~3I0 R8 j@3
jRU 3I3,jaR03 ,Raa3Ij3c s3II sCj@ j@3 bjRN3aArR@I8aj@ $3@qA
CRaY MRN3j@3I3cc.  ,I3a ,Raa3IjCRN $3js33N ܇۵. ܑஐସஒ. N0 j@3
3I3L3Nj cCy3 Cc NRj R$c3aq$I3. CN03U3N03NjIw R8 j@3 3I3,jaR03Y
i@3 03U3N03N,3 R8 ܇স RN ܑஐସஒ Cc c@RsN CN 7C<na3 ϺϺз 8Ra
0C{3a3Nj 3I3L3Nj cCy3cY <CN  ,I3a ,Raa3IjCRN $3js33N j@3
j3LU3ajna3 N0 K<Q j@C,GN3cc Cc NRj Ua3c3NjY i@3 KiDȕc sCj@
  PO $aaC3a c@Rs  @C<@3a ܇۵ N0 ܇স ,RLUa30 jR j@3 cLA
UI3c sCj@  PO N0  POY 8j3a j@3 03,a3c3 R8 ܇স 8Ra j@3
KiDȕc sCj@   PO jnNN3I $aaC3a. N CN,a3c3 Cc R$c3aq30 8Ra
j@3 Rj@3a ~IL j@C,GN3cc3cY i@3 @C<@3cj ܇স Cc 8RnN0 8Ra j@3 cLA
UI3c sCj@  PO K<Q $aaC3aY ?Rs3q3a. j@3 cLUI3 c@Rsc NR
,I3a 0CcjCN,jCRN $3js33N ܇স N0 ܇۵Y i@3a38Ra3. j@3 ,R3a,Cq3 ~3I0
,aRccRq3a N0 cnU3aUaL<N3jC, cjj3 L3a<3 CNjR 3,@ Rj@3a
sCj@Rnj qCcC$I3 jaNcCjCRNY
BNj3a3cjCN<Iw. j@3 iK` 3{3,j j - c  8nN,jCRN R8 j@3 K<Q
j@C,GN3cc c@Rsc j@3 cL3 03U3N03N,3 c ܇۵ N0 ܇স V,8Y 7C<A
na3 ϺϺϺWY i@3 cLUI3 sCj@   PO $aaC3a a3q3Ic j@3 @C<@A
3cj iK` 3{3,j s@3N ,RLUa30 jR j@3 cLUI3c sCj@  PO N0 PO K<Q Iw3a j@C,GN3ccY 7Ra  $aaC3a j@C,GN3cc R8  PO
N0  PO j@3 iK` ajCR CN,a3c3c N0 c@Rsc Cjc LuCLnL
qIn3 8Ra j@3 j@C,G3cj $aaC3aY #3,nc3 R8 j@3 LCccCN< K<Q $aaC3a
j@C,GN3cc3c $3js33N  PO N0  PO N0 j@3 @C<@ cj3U cCy3. N
Rc,CIIjRaw $3@qCRa R8 j@3 iK` 3{3,j ,RnI0 NRj $3 R$c3aq30YЙϊЙ
ϺЙЕ
ЙϊЕ i@Cc 3{3,j Cc w3j NRj s3II
nN03acjRR0Y
#Cc qRIj<3 03U3N03N,3
i@3 Ua3qCRnc ,@Uj3a a3q3I30 jsR CNj3a3cjCN< 3{3,jc j@j 03A
U3N0 RN j@3 j3LU3ajna3. j@3 ,R3a,Cq3 ~3I0 ,aRccRq3a N0 j@3
cnU3aUaL<N3jC, cjj3Y i@3 ,R3a,Cq3 ~3I0 ,aRccRq3a Cc $c30
RN 0C{3a3N,3c CN j3LU3ajna3 03U3N03N,3 R8 j@3 jsR +RA73A#
3I3,jaR03cY c Ua3qCRncIw L3NjCRN30. j@3 ,R3a,Cq3 ~3I0 ,N $3
LR0C~30 $w N 3uj3aNI ǖ۸A~3I0Y rCj@  @C<@ $Cc qRIj<3 ܈܏ 
@RLR<3N3Rnc 3I3,jaC, ~3I0 ǖ۸  ܈܏ܑஐସஒ Cc CN0n,30Y BN j@j sw.
,@a<3 ,aaC3a ,,nLnIjCRN jG3c UI,3 j RN3 $aaC3a CNj3a8,3
N0 03UI3jCRN j j@3 Rj@3a $aaC3a CNj3a8,3Y /C{3a3N,3c CN ,@a<3
,aaC3a 03NcCjw a3cnIj CN  qaCjCRN R8 ǖۻܐYЙϊЕ 7C<na3 ϺϺЙ CIIncA
jaj3c j@3 j3LU3ajna3 03U3N03N,3 R8 j@3 iK` 3{3,j R$jCN30 jO8 8Ra N KiD sCj@   PO j@C,G K<Q $aaC3aY i@3 CNq3cjCA
<j30 3I3L3Nj cCy3c s3a3 čOଓ. čOଓ N0 čOଓY  \nC,G
a3LCN03a- j@3 iK` 3{3,j j܈܏  O8 c@Rs30  03,w $3js33N- N0 - 8Ra  EnN,jCRN cCy3 R8 čOଓ. 8Ra Ia<3a EnN,jCRNc
j@3 03,w jRRG UI,3 $3js33N - N0 - VčOଓW N0 -
N0 - VčOଓW V,8Y 7C<na3 ϺзϊWY #w UUIwCN<  @C<@3a $Cc
qRIj<3 j@3 ,R3a,Cq3 ~3I0 ,aRccRq3a Cc cnUUa3cc30. c c33N CN 7C<A
na3 ϺϺЙ. 8Ra  EnN,jCRN cCy3 R8 čOଓ N0 čOଓY 7C<na3 ϺϺЕ VW
CIIncjaj3c j@3LERa IRRU j - 8Ra܈܏  O8Y iR Rq3a,RL3 j@3
,aRccCN< R8 ǖۻܐ  @C<@3a $Cc qRIj<3 R8 O8 sc UUIC30 N0 
iK` 3{3,j Cc R$jCN30 V,8Y 7C<na3 ϺϺЕ V$WWY Bj @c jR $3 L3NjCRN30
j@j 8Ra II K<Q $aaC3a j@C,GN3cc3c  @C<@ $Cc qRIj<3 I30c jR 
iK` 3{3,j 0naCN< ܇সY 7Ra j@3 8RIIRsCN< 0Cc,nccCRN s3 sCII RNIw
jG3  IRRG j j@3 jnNN3I EnN,jCRNc sCj@  čOଓ a3Y
7C<na3 ϺϺϊ CIIncjaj3c j@3 ܈܏ 03U3N03N,3 R8 j@3 iK` 3{3,j
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7C<na3 ϺϺЙ- iK` 3{3,j 03U3N0CN< RN j@3 j3LU3a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KiDȕc @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a3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7C<na3 ϺϺЕ- iK` 3{3,j R$jCN30 j କ଑எ 8Ra  $Cc qRIj<3 R8 VW ଒଑ାங V<a33NW
N0 V$W ଘ଑଑ାங V$In3WY i@3 3I3L3Nj a3 sc ଒଑଑čାଝ N0 j@3 $aaC3a j@C,GN3cc଒ଖ ିାY
Йϊϊ /Y /Y /EwUasCa 3j IY
BN- UUIC30 T@wcC,c H3jj3ac
οЎYϮ VЙззχW
N0 j@3 ,R3a,Cq3 ~3I0 8Ra N KiD sCj@   POK<Q $aaC3aY i@3
cLUI3 j3LU3ajna3 sc c3j jR - N0 -Y i@3 LuCLnL
iK` 3{3,j Cc R$c3aq30 8Ra j@3 IRs $Cc qIn3c oO8 j -
N0 -Y rCj@ CN,a3cCN< ^܈܏^ j@3 iK` 3{3,j 03,a3c3cY i@3
cIC<@jIw cwLL3jaC,I ܈܏A03U3N03N,3 R8 j@3 iK` 3{3,j Cc jwUCA
,I N0 UaR$$Iw $c30 RN j@3 0C{3a3N,3c $3js33N j@3 +RA73A#
3I3,jaR03cYЙϊϊ Uaj 8aRL j@3 iK` ajCR. s3 CNq3cjC<j30 j@3 ǖۻܐ
03U3N03N,3 RN j@3 $Cc qRIj<3 V,8Y 7C<na3 ϺϺϊ V$WWY i@3 cLUI3
j3LU3ajna3 sc - N0 j@nc j@3  PO j@C,G +RA73A# Iw3a
sc j@3 @a0AL<N3jC, 3I3,jaR03Y #3js33N O8 N0 O8 j@3ǖۻܐ 0aRUc 0acjC,IIw N0 a3LCNc ILRcj ,RNcjNj sCj@ CN,a3cA
CN< ܈܏ 8Ra j@3  PO 3I3,jaR03Y i@3  PO j@C,G 3I3,jaR03 c@Rsc
N CN,a3cCN< ǖۻܐ sCj@ CN,a3cCN< ܈܏ 8j3a j@3 0aRU j O8Y
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7C<na3 ϺϺϊ- VW iK` 3{3,j c  8nN,jCRN R8 ܈܏ j ଓ଑எ V$In3W N0 ଒଑଑எ Va30WY V$W ǖۻܐ 03U3N0CN< RN ܈܏ 8Ra j@3 ଒ଓ ିା
V<a33NW N0 j@3 ଒ ିା V$In3W j@C,G +RA73A# 3I3,jaR03 j ଒଑଑எY i@3 K<Q $aaC3a R8 j@3 KiD s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7C<na3 ϺϺχ- VW iK` 3{3,j c  8nN,jCRN R8 ܈܏ j ଓ଑எY V$W ǖۻܐ 03U3N0CN< RN ܈܏ 8Ra j@3 ଒ ିା V<a33NW N0 j@3 ଒ଓ ିା
V$In3W j@C,G +RA73A# 3I3,jaR03c j ଓ଑எY i@3 K<Q $aaC3a R8 j@3 KiD sc ଒ଘ ିାY
Йϊχ rY ;Y rN< 3j IY BN-
Mjna3 Kj3aCIc ϺϺYϺ VЙзϺϺW
ЙϊЎ rY ;Y rN< 3j IY BN-
Mjna3 Kj3aCIc ϺϺYϺ VЙзϺϺW
?Rs3q3a. j@3 ǖۻܐ R8 j@3 @a0AL<N3jC, 3I3,jaR03 03,a3c3c sCj@
CN,a3cCN< N3<jCq3 $Cc qRIj<3c. s@3a3c j@3 cR8jAL<N3jC, 3I3,A
jaR03 c@Rsc  URRa CN,a3c3 R8 ǖۻܐY #w ,RLUaCN< j@3 R$jCN30
a3cnIjc sCj@ j@3 ICj3ajna3 0j N CN,RNcCcj3N,wsc 8RnN0Y rN<
3j IY a3URaj30  0C{3a3Nj $Cc qRIj<3 03U3N03N,3 R8 j@3 ,R3a,CqA
CjwY i@3 cR8j 3I3,jaR03 c@Rsc  La<CNI CN,a3c3 R8 ǖۻܐ $3js33N˥8PO˥଒ N0 8PO˥଒ N0 8Ra URcCjCq3 ǖ۸A~3I0c  cjaRN< CNA
,a3c3 R8 j@3 ,R3a,Cq3 ~3I0Y ?Rs3q3a. j@3 @a0 3I3,jaR03 c@Rsc 
cIC<@j 03,a3c3 R8 ǖۻܐ $3js33N ˥8PO˥଒ N0 8PO˥଒YЙϊχ 
URccC$I3 a3cRN 8Ra j@3 0Cc,a3UN,w CN j@3 $3@qCRa R8 Rna cLUI3
,RnI0 $3 @3jCN< Ra j3NcCRNY
7C<na3 ϺϺχ 03UC,jc j@3 iK` N0 ǖۻܐ 03U3N03N,3 RN ܈܏Y i@Cc
cLUI3 3u@C$Cj N K<Q $aaC3a R8  POY i@3 j3LU3ajna3 sc
c3j jR -Y i@3 iK` 3{3,j c@Rsc j@3 cL3 03U3N03N,3 RN ܈܏
c j@3 Ua3qCRnc cLUI3 sCj@   POK<Q $aaC3aY i@3 ,R3a,Cq3
~3I0 03U3N03N,w RN ܈܏ ILRcj c@Rsc j@3 $3@qCRa a3URaj30 $w
rN< 3j IYЙϊЎ i@3 @a0 3I3,jaR03 V PO +RA73A# j@CN ~ILW c@Rsc
 03,a3cCN< ǖۻܐ sCj@ CN,a3cCN< ܈܏. s@3a3c j@3 cR8j 3I3,jaR03
c@Rsc N CN,a3cCN< ǖۻܐsCj@ CN,a3cCN< ܈܏Y i@3 ,R3a,Cq3 ~3I0 R8
j@3  PO 3I3,jaR03 a3q3Ic  03,a3c3 sCj@ CN,a3cCN< ˥܈܏Y i@3 PO 3I3,jaR03 3u@C$Cjc CN,a3cCN< ,R3a,CqCjw 8Ra ܈܏ ̸ ˥O8
N0  03,a3cCN< ,R3a,Cq3 ~3I0 8Ra ܈܏  ˥O8Y i@3 RNIw
0C{3a3N,3 ,RLUa30 jR j@3 cLUI3 sCj@   POK<Q $aaC3a Cc
j@j j@3 $RjjRL VjRUW Iw3a Cc j@3 @a0 VcR8jW 3I3,jaR03Y
ϺЙЎ
ǖ۸A~3I0AccCcj30 L<N3jCyjCRN csCj,@CN<
BN j@3 Ua3qCRnc c3,jCRN. j@3 3{3,j R8 N 3uj3aNI ǖ۸A~3I0 RN j@3
TK R8 j@CN +RA73A# ~ILc sc 0Cc,ncc30Y c Ia30w L3NjCRN30
CN j@3 CNjaR0n,jCRN. j@3 CNj3aUIw R8 ǖۻܐ N0 ǖ۸ a3cnIjc CN  IRs
,aCjC,I ,naa3Nj 03NcCjwǖܖܐ 8Ra bii csCj,@CN<Y 7Ra j@Cc a3cRN. s3
CNq3cjC<j30 UUa3NjIw ,naa3NjACN0n,30 3I3,jaR03 csCj,@CN< CN
N KiD sCj@  POK<Q $aaC3a j@C,GN3ccY BN 7C<na3 ϺϺЎ VW j@3ۼ
܈ 03U3N03N,3 0naCN< jaNcCjCRN 8aRL j@3 UaII3I CNjR j@3 NA
jCUaII3I L<N3jCyjCRN cjj3 R8 j@j KiD Cc c@RsNY i@3 cLUI3
j3LU3ajna3 sc c3j jR -Y i@3 csCj,@CN< UaR,30na3 sc c
8RIIRsc- 8j3a j@3 cLUI3 sc cjnaj30 sCj@  @C<@ URcCjCq3 ~3I0
Vǖۻଶ୉୅   M1GW. s3 UUIC30  N3<jCq3 ǖۻA~3I0 R8 ǖۻ܏  ˥1G.
s@C,@ Cc ,IRc3 jR j@3 ǖۻܐ R8 j@3 cR8j 3I3,jaR03Y BN j@Cc sw. j@3
UaII3I L<N3jCyjCRN cjj3 R8 j@3 jRU N0 $RjjRL 3I3,jaR03c Cc
,RNc3aq30Y #w UUIwCN<  N3<jCq3 $Cc qRIj<3 j@3 ,R3a,CqCjw
R8 j@3 cR8j 3I3,jaR03 03,a3c30 V,8Y 7C<na3 ϺϺЋWY BN ,RL$CNjCRN
sCj@ j@3 $Cc L<N3jC, ~3I0. j@3 0Ca3,jCRN R8 j@3 cR8j 3I3,jaR03
,@N<30 N0 N NjCUaII3I L<N3jCyjCRN cjj3 sc ,@C3q30Y
i@3 N3,3ccaw $Cc qRIj<3 Cc aRnN0 ˥O8 V,8Y 7C<na3 ϺϺЎ VW
N0 ϺϺЎ V$WWY i@3 NjCUaII3I cjj3 Cc cj$I3. 3q3N sCj@Rnj N 3uj3aA
NI L<N3jC, ~3I0Y ?Rs3q3a. $w UUIwCN<  URcCjCq3 $Cc qRIj<3
R8 ܈܏  O8  ,RIIUc3 R8 j@3 ,R3a,Cq3 ~3I0c Cc ,@C3q30 V,8Y
7C<na3 ϺϺЋWY i@3 3uj3aNI L<N3jC, ~3I0 ,@N<30 j@3 0Ca3,jCRN
R8 j@3 @a0AL<N3jC, 3I3,jaR03 N0 j@nc  UaII3I cjj3 sc R$A
jCN30Y i@3 qIn3c 03j3aLCN30 8Raǖܖܐ a3 aRnN0 କ#EO˥ଓ N0
j@3a38Ra3 CN,a30C$Iw IRsY ?Rs3q3a. 0n3 jR j@3 ,RL$CNjCRN R8 Nǖ۸A N0 ǖۻA~3I0. RN3 @c jR 3LU@cCy3 j@j j@3 csCj,@CN< Cc NRj
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i@3 j3LU3ajna3 s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7C<na3 ϺϺЋ- iK` 3{3,j j ଓ଑எ 8Ra 0C{3a3Nj $Cc qRIj<3c ଒଑ାங V$In3W. ˥଒ଚ଑ାங
V<a33NW. N0 ଗଚ଑ାங Va30WY i@3 K<Q j@C,GN3cc sc ଒ଖ ିାY
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7C<na3 ϺϺο- iK` 3{3,j j଒଑ାங V<a33NW N0 ଘ଑଑ାங
V$In3WY i@3 KiD ,RNcCcj R8
 ଒ଘ ିା j@C,G K<Q $aaC3a
j ଒ଓ଑எ N0 j@3 3I3L3Nj cCy3
sc ଒଑଑čାଝY
,naa3NjACN0n,30Y i@nc. j@3 ,@a,j3aCyjCRN R8 j@Cc 3{3,j $wǖܖܐ Cc
CNqIC0Y M3q3aj@3I3cc. c3q3aI <aRnUc a3Ij3 j@Cc csCj,@CN< LR03
jR ,naa3NjACN0n,30 csCj,@CN< N0 j@3a38Ra3 a3URaj CN,a30C$Iw IRs
,naa3Nj 03NcCjC3cYЙϊЋ ?Rs3q3a. j@3 3uUINjCRN j@j j@3 ǖ۸A~3I0
IRs3ac j@3 3N3a<w $aaC3a ۸۵  ǖ܀ܟǖۻ۾܉ j@j @c jR $3 Rq3a,RL3
jR csCj,@ 8aRL RN3 L<N3jCyjCRN cjj3 CNjR j@3 Rj@3a Cc q<n3 V,8Y
7C<na3 ϮЎW $3,nc3 j@3 00CjCRNI $Cc L<N3jC, ~3I0 ǖۻ܏ j@j Cc
N3,3ccaw 8Ra j@3 ǖ۸A~3I0AccCcj30 csCj,@CN< IRs3ac j@3 ,aCjC,I ,naA
a3Nj 03NcCjw jRR V,8Y 2\njCRN VχЙWWY i@3a38Ra3. s3 0Cca3<a0 j@3
,naa3Nj 03NcCjw N0 8R,nc RN j@3 ,aCjC,I 3I3,jaC, ~3I0 ǖ۸ܐ N3,3ccaw
jR csCj,@ j@3 3I3,jaR03cY
iR CNq3cjC<j3 j@3 03U3N03N,3 R8 ǖ۸ܐ RN ǖۻ܏.  čOଓ Ia<3KiD
sCj@   POK<Q$aaC3a sc ,RRI30 0RsN jR -Y j j@Cc j3LA
U3ajna3. j@3  PO+RA73A# Iw3a ,jc c  @a0AL<N3jC, 3I3,jaR03
N0 j@3 cnU3aUaL<N3jC, cjj3 Cc qRC030Y i@3 R$jCN30 iK`
,naq3 c@Rsc  0CcjCN,j NjCUaII3I cjj3 N0 j@3 ,R3a,Cq3 ~3I0c a3Êۻୄୀଷ୅ܐ  
1G N0 Êۻହଲୃଵܐ  
1G V,8Y 7C<na3 ϺϺοWYЙϊο i@3
iK` ,naq3 c@Rsc  c@C8j R8 1G. UaR$$Iw CN0n,30 $w 0CURIa
,RnUICN< Ra RaN<3 U33I ,RnUICN< R8 j@3 3I3,jaR03cY 7naj@3aLRa3.
CN,Raa3,j ,IC$ajCRN R8 j@3 UUIC30 L<N3jC, ~3I0 c@RnI0 NRj $3
N3<I3,j30Y MRs s3 U3a8RaL30 qaCRnc ǖ۸A~3I0AccCcj30 ǖۻA~3I0
csCj,@CN<c 8Ra 0C{3a3Nj oǖۻ܏Y i@3 R$jCN30 ,aCjC,I ǖ۸A~3I0 c 
8nN,jCRN R8 ǖۻ܏ Cc CIIncjaj30 CN 7C<na3 ϺϺϮY H3j nc ~acj jG3  IRRG j
j@3 ܃ ɥ ۴܃ jaNcCjCRNY ?3a3. N CN,a3cCN< ǖ۸ܐ sCj@ 03,a3cCN< ǖۻ܏
Cc 03j3aLCN30Y i@Cc a3IjCRN $3js33N ǖۻ܏ N0 ǖ۸ܐsc 3uU3,j30Y i@3
jaNcCjCRN 8aRL ۴܃ ɥ ܃ c@Rsc j@3 cL3 $3@qCRaY i@3 cLII3a
j@3 UUIC30 ǖۻ܏ j@3 @C<@3a j@3 a3\nCa30 ǖ۸ܐ jR 03,a3c3 j@3 ,R3a,Cq3
~3I0Y BN 00CjCRN. j@3 N3,3ccaw ǖۻ܏ N0 ǖ۸ܐ a3 @C<@3a 8Ra ۴܃ ɥ ܃
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N0 ܃ jR ۴܃ V$In3W
jaNcCjCRNY i@3 j3LU3ajna3 sc c3j jR ଒ଓ଑எ N0 j@3 3I3L3Nj cCy3 sc ଒଑଑čାଝY
i@3 K<Q j@C,GN3cc sc ଒ଘ ିାY
ЙϊϮ ?Y K3N< 3j IY BN- DRnaNI
R8 T@wcC,c /- UUIC30 T@wcC,c
ϊϊYϊз VЙзϺϺWd bY BG30 3j
IY BN- Mjna3 Kj3aCIc ϮYϮ
VЙзϺзW
csCj,@CN< ,RLUa30 jR ܃ ɥ ۴܃ csCj,@CN<Y i@3 a3cRN 8Ra j@j
$3@qCRa Cc cCLUI3 N0 $c30 RN j@3 R$qCRncIw @C<@3a ,R3a,Cq3
~3I0 R8 j@3 @a0 3I3,jaR03Y i@3a38Ra3.  @C<@3a ǖ۸ܐ Cc N33030 jR
CN0n,3  ,RIIUc3 R8 j@3 ,R3a,CqCjw R8 $Rj@ 3I3,jaR03cY 7Ra Una3
,naa3NjACN0n,30 L<N3jCyjCRN csCj,@CN<  La<CNIIw @C<@3aǖܖܐ
Cc a3\nCa30 jR csCj,@ 8aRL ܃ ɥ ۴܃YЙϊϮ
BN  Icj jj3LUj. s3 CNq3cjC<j30 j@3 j3LU3ajna3 03U3N03N,3
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c ,RNcj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j II j3LA
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jna3c V,8Y 7C<na3 ϺЙзWY ?Rs3q3a. j@3 $C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<N3jC, ~3I0 @c
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7C<na3 ϺЙз- ǖ۸ܐ 03U3N0CN< RN oǖۻ܏ j qaCRnc j3LU3ajna3cY i@3 $aaC3a j@C,GN3cc
R8 j@3 KiD sc ଒ଘ ିାY
ϺЙϮ
Йχз DY ;Y Iyj3 3j IY BN-
B222 BNj3aNjCRNI 2I3,jaRN
/3qC,3c K33jCN< VЙзϺЙW
ЙχϺ bY FNC 3j IY BN- UUIC30
T@wcC,c H3jj3ac ϺзϊYЙϺ VЙзϺϊW
03U3N03N,3 R8 ǖۻܐY j - RNIw  jaNcCjCRN 8aRL j@3 UaII3I CNjR
j@3 NjCUaII3I cjj3 sc R$c3aq30Y  jaNcCjCRN 8aRL ۴܃ ɥ ܃
sc NRj URccC$I3 0n3 jR j@3 Ia<3æǖۻܐ  ǖۻହଲୃଵܐ ˥ ǖۻୄୀଷ୅ܐ j@j @c jR $3
Rq3a,RL3Y BN ,RNjacj jR j@3 KiD sCj@  POK<Q j@j 3u@C$Cjc
 æǖۻܐ R8 
1G j -. j@3 æǖۻܐ R8 j@3  POK<Q cLUI3 Ccæǖۻܐ  
1GYi@nc  ,RIIUc3 R8 j@3 ,R3a,Cq3 ~3I0c ,RnI0 NRj
$3 CN0n,30 $w j@3 UUIC30 ǖ۸A~3I0 sCj@Rnj $a3GCN< j@3 3I3L3NjY
i@3 IRs3a æǖۻܐ R8 j@3  POK<Q cLUI3 Cc 0n3 jR j@3 nU,RLCN<
,R3a,Cq3 ~3I0 ,aRccRq3a R8 j@3 3I3,jaR03c j aRnN0 -Y i@3a3A
8Ra3. s3 8RnN0  ICLCjjCRN RN j@3 qaCjCRN R8 j@3 ,R3a,Cq3 ~3I0
qC ǖ۸A~3I0Y BN 00CjCRN. s3 R$c3aq30 j@j j@3 ,aCjC,I ~3I0 ǖ۸ܐ Cc
CN03U3N03Nj R8 j@3 cLUI3 j3LU3ajna3 N0 R8 j@3 K<Q $aaC3a
j@C,GN3ccY i@3c3 jsR ,@a,j3aCcjC,c a3 j@3 LCN 0C{3a3N,3 ,RLA
Ua30 jR j@3 ,naa3NjACN0n,30 bii csCj,@CN<Y MRN3j@3I3cc. jR
R$jCN ǖ۸A~3I0 csCj,@CN< N 3uj3aNI L<N3jC, ~3I0 Cc a3\nCa30
j@j a30n,3c j@3 UUIC,$CICjw R8 j@Cc csCj,@CN< L3,@NCcL CN
K`K 03qC,3cY
BN j@3 8njna3. Lw$3 j@3 3uj3aNI L<N3jC, ~3I0 ǖۻ܏ ,RnI0 $3
a3UI,30 $w  ~3I0AICG3 ,naa3Nj ǖۼ܏. c nc30 8Ra bii csCj,@CN<Y BN
j@j sw. ǖ۸A~3I0AccCcj30 biiACN0n,30 csCj,@CN< ,RnI0 $3 R$A
jCN30YЙχз c Ia30w L3NjCRN30 $Rq3. FNC 3j IYЙχϺ a3URaj30
 ,RL$CNjCRN R8 bii csCj,@CN< N0 ǖ۸A~3I0ACN0n,30 csCj,@CN<Y
00CjCRNIIw.  $Cc ~3I0 ǖۻ܏ sc nc30 jR ,RLU3Ncj3 j@3 0CURIa
,RnUICN< R8 j@3 3I3,jaR03cY i@3 ,aCjC,I ,naa3Nj 03NcCjw sc cjCII
CN j@3 Ra03a R8 ଗ#EO˥ଓ. $nj j@3 csCj,@CN< jCL3 sc RNIw  83s
NNRc3,RN0cY ?Rs3q3a. N3s jj3LUjc @q3 jR $3 L03 CN j@Cc
~3I0Y
+RN,IncCRN
iR cnLLaCy3 j@Cc ,@Uj3a. s3 CNq3cjC<j30 +Rωе73ωе#Ие $c30
UKiDȕcY 7Cacj. s3 NIwy30 j@3 j3LU3ajna3 03U3N03Nj jaNcURaj
UaRU3ajC3c R8 UKiDȕc sCj@ 0C{3a3Nj K<Q j@C,GN3cc3cY /naCN<
,RRICN< s3 8RnN0  03,w CN j@3 iK` 3{3,j. 0n3 jR  ,R3a,Cq3
~3I0 ,aRccRq3a R8 j@3 3I3,jaR03cY aRnN0 aRRL j3LU3ajna3 
jaNcCjCRN 8aRL j@3 83aaRL<N3jC, CNjR j@3 cnU3aUaL<N3jC,
cjj3 sc 8RnN0Y i@3a3 sc NR R$qCRnc 03U3N03N,3 R8 j@3 $IR,GA
CN< j3LU3ajna3 N0 ,aRccRq3a j3LU3ajna3 RN j@3 K<Q $aaC3a
j@C,GN3ccY
i@3 $Cc qRIj<3 03U3N03N,3 R8 j@3 iK` 3{3,j a3q3I30 N
CNn3N,3 R8 j@3 CN0n,30 ǖ۸A~3I0 RN j@3 TK R8 j@3 cLUI3cY /naA
CN< j@3 ǖۻܐ ,aRccRq3a a3<CL3 j@3 iK` 3{3,j 03,a3c3c 0n3 jR j@3
ϺЕз
$c3N,3 R8 N NjCUaII3I cjj3 R8 j@3 3I3,jaR03cY #w CN,a3cCN<
j@3 $Cc qRIj<3 N ,,nLnIjCRN V03UI3jCRNW R8 3I3,jaRNc j j@3
$aaC3a CNj3a8,3 ,RnI0 $3 ,@C3q30Y BN j@j sw.  IRs3a V@C<@3aW
,R3a,Cq3 ~3I0 R8 j@3 3I3,jaR03 sc R$jCN30Y i@3 qaCjCRN R8 j@3
,R3a,CqCjw I30 jR  cj$I3 NjCUaII3I cjj3 R8 j@3 3I3,jaR03c N0
j@nc jR  iK` 3{3,jY
i@3 ǖ۸A~3I0 3{3,j sc nc30 jR csCj,@ j@3 L<N3jCyjCRN 0Ca3,A
jCRNc R8 j@3 3I3,jaR03cY i@3a38Ra3. s3 nc30 N ǖ۸A~3I0 jR CN,a3c3
V03,a3c3W j@3 ,R3a,Cq3 ~3I0 R8 j@3 3I3,jaR03c N0  $Cc L<N3jC,
~3I0 j@j csCj,@3c j@3 3I3,jaR03cY rCj@ j@Cc csCj,@CN< L3,@A
NCcL. CN,a30C$Iw IRs csCj,@CN< ,naa3Nj 03NcCjC3c s3a3 ,@C3q30Y
?Rs3q3a. RN3 @c jR G33U CN LCN0 j@j j@Cc 3{3,j Cc NRj  ,naa3NjA
CN0n,30 csCj,@CN< 3{3,jY i@3a38Ra3. s3 8R,nc30 RN j@3 ,aCjC,I
3I3,jaC, ~3I0 N3,3ccaw jR csCj,@ j@3 3I3,jaR03cY i@3 ,aCjC,I 3I3,A
jaC, ~3I0 c@Rs30 NR 03U3N03N,3 RN j@3 j3LU3ajna3 Ra $aaC3a
j@C,GN3cc. $nj RN j@3 $Cc L<N3jC, ~3I0Y B8 j@3 $Cc L<N3jC,
~3I0 sc ,IRc3 jR j@3 ,R3a,Cq3 ~3I0 R8 j@3 cR8j 3I3,jaR03  IRs3a
,aCjC,I 3I3,jaC, ~3I0 sc a3\nCa30 8Ra csCj,@CN<Y ?Rs3q3a. sCj@
03,a3cCN< $Cc L<N3jC, ~3I0 j@3 ,aCjC,I 3I3,jaC, ~3I0 CN,a3c30Y
i@Cc ǖ۸A~3I0ACN0n,30 L<N3jCyjCRN csCj,@CN< Cc N Ij3aNjCq3 jR
j@3 Ia30w GNRsN bii csCj,@CN<Y mN8RajnNj3Iw. ǖ۸A~3I0 csCj,@A
CN< a3\nCa3c  $Cc L<N3jC, ~3I0 jR 03j3aLCN3 j@3 L<N3jCyjCRN
0Ca3,jCRN R8 j@3 3I3,jaR03cY i@3a38Ra3. j@3 Ua3qCRnc R$cj,I3 R8 
$Cc L<N3jC, ~3I0 cjCII a3LCNcY
ϺЕϺ
ϺЕЙ
ЙχЙ KY ;Ic 3j IY BN- DRnaNI
R8 UUIC30 T@wcC,c ϺϺϊYϺο
VЙзϺЕW
bnLLaw N0 RnjIRRG
r3 CNq3cjC<j300C{3a3Nj j3ja<RNIIw 0CcjRaj30KNA$c30?3ncI3a
,RLURnN0cY r3 ,@C3q30 @C<@Iw ,awcjIICN3 j@CN ~ILc CN j@3 Ua3A
83aa30 VззϺW <aRsj@ 0Ca3,jCRNY i@3 @C<@3cj j@CN ~IL \nICjw sCj@
a3<a0 jR cna8,3 aRn<@N3cc N0 ,awcjIICNCjw sc 8RnN0 8Ra Iw3ac
RN  baiCQД cn$cjaj3Y bLUI3c RN K<Q cn$cjaj3 IcR UaRqC03
,awcjIICN3 <aRsj@ $nj sCj@  j3N03N,w jRsa0c CcIN0 <aRsj@Y
N RUjCLnL 03URcCjCRN j3LU3ajna3 CN j3aLc R8 cna8,3 aRn<@A
N3cc N0 ,awcjIICNCjw sc 03j3aLCN30 $3js33N  ˫% N0  ˫%
03U3N0CN< RN j@3 ?3ncI3a ,RLURnN0Y
j j@3 $3<CNNCN<. s3 Ua3Ua30KNДAu; j@CN ~ILc sCj@ 0C{3aA
3Nj ,RLURcCjCRNc RN K<Q N0 baiCQД cn$cjaj3cY r3 <CN30
CNcC<@j CNjR j@3 cna8,3. ,awcjIIR<aU@C,. L<N3jC,. N0 ,@3LCA
,I UaRU3ajC3cY i@3 KNДAu; Iw3ac s3a3 cUnjj3a30 8aRL KNA;
,RLURcCj3 ja<3jc N0 CN ,3ajCN ,c3c CN ,RL$CNjCRN sCj@ N
00CjCRNI KN ja<3jY i@3 @C<@3cj ,awcjIICN3 Ra03a sc ,@C3q30
8Ra j@CN ~ILc Ua3Ua30 8aRL  ,RLURcCj3 ja<3j sCj@Rnj 00CA
jCRNI KN ja<3jY i@3c3 cLUI3c IcR c@Rs30 j@3 IRs3cj cna8,3
aRn<@N3ccY BN 00CjCRN jR j@3 IRs aRn<@N3cc. j@3 8RaLjCRN R8
KN˥Q j j@3 $aaC3a CNj3a8,3 sc cnUUa3cc30 jR  LCNCLnLY 
@C<@ NCcRjaRUw 3N3a<w R8 
  ଗ ,O˥ଔ sc 03j3aLCN30 8Ra
 ۿ଑ARa03a30 KNϹYφ; ~IL RN K<Q qC b[mB/ L3cna3L3NjcY
i@3 j@3Ra3jC,IIw Ua30C,j30 03,a3cCN< jRjI L<N3jC, LRL3Nj
sCj@ CN,a3cCN< KN ,RNj3Nj sc q3aC~30 qC tb N0 tK+/
L3cna3L3NjcY
BN Ra03a jR cnUUa3cc j@3 RuC0jCRN R8 KN N0 jR Rq3a,RL3 j@3
IjjC,3 LCcLj,@ $3js33N j@3 KNДAu; N0 j@3 K<Q $aaC3a  PO +Rωе73ωе#Ие Ra +RИ73I Iw3a sc CNc3aj30. a3cU3,jCq3IwYЙχЙ
#Rj@ 83aaRL<N3jC, Iw3ac a30n,30 j@3 LRnNj R8 KN˥QY 7naA
j@3aLRa3. 3I3L3NjAcU3,C~, @wcj3a3cCc IRRUc URCNj30 Rnj  UaII3I
IC<NL3Nj $3js33N j@3 L<N3jCyjCRN 0Ca3,jCRN R8 j@3 KNДAu;
N0 j@3 a3cU3,jCq3 83aaRL<N3jC, CNj3aIw3acY BN Rj@3a sRa0c. 
U3aU3N0C,nIaIw L<N3jCy30 +RИ73I Ra +Rωе73ωе#Ие j@CN ~IL
sc ,@C3q30 sCj@Rnj  8naj@3a URcjANN3ICN< UaR,3ccY
ЙχЕ Y MC3c3N 3j IY BN-
atCqYRa< VЙзϺχWY 3UaCNj-
S9SzYzfl9fql
Йχϊ pY ICENC 3j IY BN- UA
UIC30 T@wcC,c H3jj3ac ϮϮYЙЙ
VЙзϺϺW
iR CNq3cjC<j3 j@3 jaNcURaj UaRU3ajC3c. s3 CNj3<aj30 ۿ଑A
Ra03a30 KNϹYφ; j@CN ~ILc sCj@ 83aaRL<N3jC, CNj3aIw3ac CNjR
KiDȕcY isR 0C{3a3Nj U3aU3N0C,nIaIw L<N3jCy30 ,RnNj3a 3I3,A
jaR03c s3a3 nc30Y BN  ~acj jj3LUj. s3 nc30  
%Q2V଒଑ LnIA
jCIw3a ,RnNj3a 3I3,jaR03 sCj@ j3N a3U3jCjCRN R8 +R V POW N0
Tj V POWY i@3 ,@C3q30 iK` ajCRc s3a3 aj@3a IRs N0 j@3
Ua3UajCRN sc jCL3A,RNcnLCN< 0n3 jR j@3 LnIjCIw3a 8$aC,A
jCRNY KRa3Rq3a. j@3 TK R8 j@3 LnIjCIw3ac 03U3N0c RN j@3 +R
N0 Tj ~IL j@C,GN3cc c s3II c RN j@3 NnL$3a R8 a3U3jCjCRNcY
7Ra j@Cc a3cRN. s3 a3UI,30 j@3 LnIjCIw3a 3I3,jaR03 $w  cCN<I3
+Rωе73ωе#Ие j@CN ~ILsCj@ TKY BN Ra03a jR ,@C3q3 N 3cw L<A
N3jCyjCRN 0Ca3,jCRN U3aU3N0C,nIa jR j@3 ~IL UIN3. N 3uAcCjn
URcjANN3ICN< UaR,3cc sc U3a8RaL30Y i@3 00CjCRNI NN3IA
CN< UaR,3cc IcR CN,a3c30 j@3 ,awcjIICNCjw R8 j@3 K<Q $aaC3aY
?Rs3q3a. j@3 R$jCN30 iK` ajCRc cjCII a3LCN30 IRs 8Ra +RA73A#
N0 IcR 8Ra j@3 +RИ73I CNj3aIw3aY n<3a 3I3,jaRN 03Uj@ UaR~I3c
a3q3I30 j@3 0C{ncCRN R8 ; jR j@3 $aaC3a CNj3a8,3Y i@3a38Ra3.
j@3 LCN a3cRN 8Ra j@3 IRs iK` ajCR sc 8RnN0Y
7CNIIw s3 CNq3cjC<j30 j@3 CNn3N,3 R8  iCM c330 Iw3a RN j@3
UaRU3ajC3c R8 KNДAu;YЙχЕ i@3 iCM Iw3a 3u@C$Cj30 <RR0 3UCjuCI
<aRsj@ RN K<Q N0 baiCQД cn$cjaj3cY  cnU3a,RN0n,jCN< cjj3
sc R$jCN30 8Ra cLUI3c 03URcCj30 j  ˫% N0  ˫% RN K<Q
N0 baiCQДY ?Rs3q3a. j@3 0030 KNИYφ; j@CN ~IL RN jRU R8 j@3
iCM c@Rs30  LnIjCU@c3 cjan,jna3.  ,RL$CNjCRN R8 j@3 ,n$C,۷ଔ N0 j@3 j3ja<RNI ۷ଓଓ U@c3Y i@3 L<N3jC, ,@a,j3aCcjC,c
a3q3I30  @C<@3a L<N3jCyjCRN 8Ra j@3 KNИYφ; Iw3a RN K<Q
j@N RN baiCQДY i@Cc 0C{3a3N,3 sc CN0n,30 $w j@3 LnIjCU@c3
RN K<QY
7Ra j@3 UnaURc3 R8 8naj@3a ,RLU3NcjCRN R8 j@3 L<N3jC, LRA
L3Njc. s3 0030+R jR j@3KNДAu; ,awcjI jR R$jCN KNДAu+Ru;
,RLURnN0Y 7Ra ܤ ̸   ,n$C, U@c3 sCj@ N CNAUIN3 L<N3A
jCyjCRN 0Ca3,jCRN N0 8Ra   ܤ   j@3 j3ja<RNIIw 0CcjRaj30۷ଓଓ cjan,jna3 sc a3URaj30YЙχϊ ?3a3 <CN. K<Q N0 baiCQД
cn$cjaj3c s3a3 nc30 0n3 jR j@3 IRs IjjC,3 LCcLj,@Y r3 Ua3A
Ua30 CNAUIN3 L<N3jCy30 KNИYД+RеYЊ; RN K<Q N0 baiCQД
N0 RnjAR8AUIN3 L<N3jCy30 KNИYЊ+RеYД; RN K<Q N0 baiCQДY
i@3c3 cLUI3c s3a3 ,RAcUnjj3a30 8aRL  KNωφ;φφ ja<3j.  KN
ja<3j N0  +R ja<3jY t`` c,Nc a3q3I30  @C<@ cna8,3 aRn<@A
N3cc j@j IRs3ac j@3 UUIC,$CICjw CN jnNN3I EnN,jCRNcY 7naj@3aA
LRa3.۷ଓଓARa03a30KNИYЍ+RеYД; j@CN ~ILc RNK<Q N0 baiCQД
s3a3 03URcCj30 8aRL  KNЍе;ωе.  KN. N0  +R ja<3j CN Ra03a
jR a30n,3 j@3 URs3a UUIC30 jR j@3 KN N0 +R ja<3jcY i@3c3
cLUI3c c@Rs30 j@3 @C<@3cj ,awcjIICN3 Ra03aY i@3 KNωφ;φφ
ϺЕϊ
Йχχ bY x@N< 3j IY BN- T@wcA
C,I `3qC3s H3jj3ac ЋϮYϺϮ
VϺϮϮЋW
ja<3j I30 jR IRs3a ,awcjIICN3 <aRsj@ RN K<Q N0 baiCQД cn$A
cjaj3cY pbK L3cna3L3Njc a3q3I30  cR8jAL<N3jC, ,@a,j3a
8Ra j@3 ,n$C, ,RLURnN0Y 2I3L3NjAcU3,C~, @wcj3a3cCc IRRUc a3A
q3I30  @a0AL<N3jC, ,@a,j3a 8Ra KNИYЊ+RеYД; j@CN ~ILc
RN K<Q N0 baiCQДY 7naj@3aLRa3. j@3 R$jCN30 L<N3jCyjCRN
8aRL b[mB/ L3cna3L3Njc 8Ra  KNИYЍ+RеYД; Iw3a RN K<Q
sc IRs3a ,RLUa30 jR j@3 KNИYξ; j@CN ~ILY ?3N,3. j@3 IRs3a
L<N3jC, LRL3Nj 0n3 jR j@3 8naj@3a ,RLU3NcjCRN sc UaRq30Y
tb N0 tK+/ L3cna3L3Njc a3q3I30 83aaRL<N3jC, ,RnUICN<
R8 j@3 KN N0 +R LRL3Njc 8Ra j@3 ,n$C, cjan,jna3 N0 NjC83aaRA
L<N3jC, ,RnUICN< CN j@3 j3ja<RNI U@c3Y i@Cc 3uLUI3 c@Rsc
j@3 jnN$CICjw R8 ?3ncI3a ,RLURnN0c. s@C,@ Cc j@3 LCN a3cRN
8Ra j@3 sC03 aN<3 R8 URccC$I3 UUIC,jCRNc R8 j@3c3 ,RLURnN0cY
7naj@3aLRa3. s3 c@Rs30 j@j j@3 CNc3ajCRN R8  83aaRL<N3jC,
CNj3aIw3a a30n,3c j@3 LRnNj R8 KN˥Q j j@3 $aaC3a CNj3a8,3Y
#w a3UI,CN< j@3 ; CN j@3 KNДAu; ,RLURnN0 sCj@ ;3. s3
R$jCN30 ۷ଓଓARa03a30 KNДȊu;3 j@CN ~ILc sCj@ N 3cw uCc U3aA
U3N0C,nIa jR j@3 ~IL UIN3Y i@3 cLUI3c s3a3 Ua3Ua30 $w
,RAcUnjj3aCN< 8aRL  KN N0 ;3 ja<3jY i@3 j@CN ~ILc s3a3
03URcCj30 RN VззϺW baiCQД cn$cjaj3c j  ˫% N0  ˫%Y r3 CNA
q3cjC<j30 j@3 ,awcjIICN3 N0 L<N3jC, UaRU3ajC3c c s3II c j@3
cna8,3 aRn<@N3cc R8KNДȊu;3 j@CN ~ILcY r3 ,@C3q30 ,awcjIICN3
<aRsj@ CN j@3 VззϺW 0Ca3,jCRN 8Ra 0C{3a3Nj KNДZu;3 ,RLURcCjCRNc
Vܤ  ˥.  N0 W RN baiCQД cn$cjaj3cY i@3 L<N3jC, UaRUA
3ajC3c s3a3 3uLCN30 qC ?2 L3cna3L3Njc N0 3u@C$Cj30 
,R3a,Cq3 ~3I0 R8  6 8Ra j@3 KNДYИ;3 ,RLURnN0Y i@Cc Cc j@3
@C<@3cj ,R3a,CqCjw R8 j@3 KNA$c30 ?3ncI3a ,RLURnN0c CNq3cA
jC<j30 CN j@Cc sRaGY ?Rs3q3a. j@3 KNДȊu;3 cna8,3 aRn<@N3cc
sc jRR @C<@ 8Ra CNj3<ajCRN CNjR KiDȕcY
#3cC03c j@3 CNq3cjC<jCRN R8 N3s Lj3aCIc. s3 3uLCN30 ,RLA
LRNIw GNRsN 83aaRL<N3jC, +Rωе73ωе#Ие j@CN ~ILc sCj@ TKY
r3 Ua3Ua30 +RA73A# $c30 UKiDȕc N0 NIwy30 j@3 L<N3jC,
N0 jaNcURaj UaRU3ajC3c $3js33N - N0 -Y aRnN0 `i
 cnU3aUaL<N3jC, cjj3 sc 8RnN0 j@j 0acjC,IIw a30n,3c
j@3 UUIC,$CICjw R8 +RA73A#A$c30 K`K 03qC,3cY i@3 cnU3aA
UaL<N3jC, cjj3 R,,nac 0n3 jR j@3 IRs NRLCNI ~IL j@C,GN3ccY
i@3 j3LU3ajna3 03U3N03Nj L3cna3L3Njc c@Rs30  ,R3a,Cq3
~3I0 ,aRccRq3a R8 j@3 jsR +RA73A# 3I3,jaR03cY i@3 j3LU3ajna3
a3<CL3 R8 j@3 ,aRccRq3a qaC30 sCj@ K<Q j@C,GN3ccY  03U3NA
03N,3 R8 j@3 iK` 3{3,j N0 j@3 ,R3a,Cq3 ~3I0 RN j@3 $Cc qRIj<3܈܏ sc 8RnN0Y i@3 iK` ajCR 03,a3c3c sCj@ CN,a3cCN< ܈܏YЙχχ
?Rs3q3a. j@3 ,R3a,Cq3 ~3I0 CN,a3c3c Ra 03,a3c3c ,,Ra0CN< jR
j@3 URIaCjw R8 j@3 qRIj<3Y BN j@Cc sw. s3 ,nc30  j3LURaaw
ϺЕχ
ЙχЎ +Y 73Ic3a 3j IY BN- B222
iaNc,jCRNc RN K<N3jC,c
ϊϮ VЙзϺЕWd DY rCNj3aICG 3j IY
BN- 0qN,30 Kj3aCIc ЙϊYϊЋ
VЙзϺЙW
ЙχЋ @jjU-ggsssYCNA
j3IY,RLg,RNA
j3Njgsssgncg3NgcCIC,RNA
CNNRqjCRNcgCNj3IAϺϊNLA
j3,@NRIR<wY@jLI
03,a3c3 R8 j@3 NCcRjaRUw 3N3a<wY i@Cc 3{3,j sc nc30 CN Nǖ۸A~3I0AccCcj30 ǖۻA~3I0ACN0n,30 csCj,@CN< L3,@NCcLY i@3 ,aCjCA
,I ǖ۸A~3I0 a3\nCa30 8Ra csCj,@CN< sc CN03U3N03Nj R8 j@3 K<Q
$aaC3a j@C,GN3cc N0 j@3 cLUI3 j3LU3ajna3Y QNIw j@3 ǖۻ܏A~3I0
N33030 jR $3 0Encj30. 0n3 jR j@3 j3LU3ajna3 03U3N03N,3 R8ǖۻܐY i@Cc Cc  NRj$I3 0C{3a3N,3 $3js33N 2Kb Vǖ۸A~3I0AccCcj30
L<N3jCyjCRN csCj,@CN<W N0 +BKb V,naa3NjACN0n,30 L<N3jCA
yjCRN csCj,@CN<WY ?Rs3q3a. j@3 a3\nCa3L3Nj R8  L<N3jC, ~3I0
a30n,3c j@3 UUIC,$CICjw R8 2Kb CN K`K 03qC,3cY 7Ra j@Cc
a3cRN. s3 UaRURc3  N3s csCj,@CN< L3j@R0. s@3a3 j@3 3uj3aNI
L<N3jC, ~3I0 Cc a3UI,30 $w  cUCNAURIaCy30 ,naa3NjY BN j@Cc
,c3. j@3 ǖ۸A~3I0 a30n,3c j@3 TK N0 j@3 ,naa3Nj csCj,@3c j@3
3I3,jaR03cY
i@Cc sRaG c@Rs30 j@j j@3 Ua3UajCRN R8 N3s j3ja<RNIIw
0CcjRaj30 ?3ncI3a ,RLURnN0c sCj@ TK UaRqC03c  IRj R8 R$A
cj,I3cY 2q3N j@Rn<@ j@3 j@3Ra3jC,IIw Ua30C,j30 UaRU3ajC3c s3a3
UaRq30 3uU3aCL3NjIIw. CNj3<ajCRN CNjR KiDȕc 0C0 NRj I30 jR j@3
j@3Ra3jC,IIw 3uU3,j30 iK` 3{3,jcY i@3 @C<@ Ruw<3N |NCjw R8
KN N0 j@3 0C{ncCRN R8 ; a3 0as$,Gc j@j @q3 jR $3 Rq3aA
,RL3Y NRj@3a ,@II3N<3 Cc j@3 cna8,3 aRn<@N3cc j@j N330c
jR $3 LCNCLCy30. CY3Y. $3IRs  PO jR 8nI~II j@3 a3\nCa3L3Njc 8Ra
bii csCj,@CN<Y i@3 a3URaj30 iK` ajCRc 8Ra j@3 KNA$c30 ,RLA
URnN0c a3 aj@3a IRs N0 RNIw c@Rs30 03\nj3 a3cnIjc s@3N
nc30 CN ,RL$CNjCRN sCj@  83aaRL<N3jC, CNj3aIw3aY KRcj ICG3Iw.
j@Cc UCNNCN< 3{3,j $3js33N j@3 83aaCL<N3j N0 j@3 83aaRL<N3j
Cc UaRLCcCN< 8Ra 8njna3 UUIC,jCRNcY 73aaRL<N3jC, j@CN ~ILc
ICG3 +RA73A# c@Rs30 N nU,RLCN< cnU3aUaL<N3jC, cjj3 8Ra
j3LU3ajna3c aRnN0 N0gRa $Rq3 `iY BN ,RL$CNjCRN sCj@ 
@a0AL<N3jC, Iw3a. j@Cc R$cj,I3 ,RnI0 $3 Rq3a,RL3Y MRN3j@3A
I3cc. j@3 $Rq3ANL30 ?3ncI3a ,RLURnN0c c@Rs30  IRj R8 CNA
j3a3cjCN< UaRU3ajC3c N0 RU3N30 j@3 Uj@ 8Ra Rj@3a KNA$c30
,RLURnN0c. cn,@ c KNA73A; Ra KNATjA;YЙχЎ
BN  Nnjc@3II. N3sLj3aCIc 8Ra cUCNjaRNC, 03qC,3c a3 a3\nCa30
0n3 jR j@3 ,RNcjNj LCNCjnaCyjCRN UaR,3ccY i@3 ,RLU3jCjRac.
ICG3 /`K Ra b`K. ,UjCqj3 $w N 3cw Ua3UajCRN L3j@R0
N0 N CN,a30C$Iw IRs @I8AUCj,@ cCy3Y p3aw a3,3NjIw. BNj3I N0
bLcnN< NNRnN,30 j@3 c3aCI UaR0n,jCRN R8 /`K ,@CUc sCj@
 @I8AUCj,@ cCy3 R8  POYЙχЋ M3q3aj@3I3cc. 8Ra j@3 8njna3 biiA
K`K Cc cna3 jR $3 j@3 RNIw ,N0C0j3 jR a3UI,3 /`K N0
b`K. 0n3 jR Cjc @C<@ 3N0naN,3Y ?Rs3q3a. jR IRs3a j@3 ,aCjC,I
,naa3Nj 03NcCjw 8Ra biiAK`K RN3 c@RnI0 IcR c3a,@ 8Ra N3s
3{3,jc. ICG3 j@3 2KbY BN Lw RUCNCRN.  ,RL$CNjCRN R8 $Rj@.
 N3s Lj3aCI sCj@ @C<@ NCcRjaRUw N0 N ǖ۸A~3I0 cnUURaj30
ϺЕЎ
bii csCj,@CN< UaR,3cc. UU3ac jR $3 j@3 $3cj cRInjCRN 8Ra 8njna3
cjRa<3 03qC,3cY
ϺЕЋ
ϺЕο
Tn$IC,jCRNc N0 ,RN83a3N,3c
Tn$IC,jCRNc
ϺY KYK3CN3aj. DYAKY b,@LI@Racj.KY;Ic. ;Y `3Ccc. 2IG3a3NA
@RIy. iCL #Ǒ@N3aj. N0 FRaN3ICnc MC3Ic,@ VЙзϺЙWY BNcC<@jc
CNjR j@3 3I3,jaRNC, cjan,jna3 R8 +RИ73bC 8aRL uAawL<N3jC, ICN3a
0C,@aRCcLY T@wcC,I `3qC3s #. οЎVχW. зχϊϊЙзY
ЙY KY ;Ic. /Y 2$G3. BYAKY BLRaj. TY i@RLc. N0 ;Y `3CccY
VЙзϺЕWY NRLIRnc ?II 3{3,j CN U3aU3N0C,nIaIw L<N3jCy30
KNДAu; j@CN ~ILcY DRnaNI R8 K<N3jCcL N0 K<N3jC,
Kj3aCIc. ЕЕЕ. ϺЕϊAϺЕЋY
ЕY KY ;Ic. +Y bj3as3a8. DYAKY b,@LI@Racj. /Y 2$G3. +Y D3NGA
CNc. 2Y a3N@RIy. N0 ;Y `3Ccc VЙзϺЕWY tAaw $cRaUjCRN cU3,A
jaRc,RUw N0 L<N3jC, ,Ca,nIa 0C,@aRCcL cjn0C3c R8 ۿ଑AKNA;
j@CN ~ILcY DRnaNI R8 UUIC30 T@wcC,c. ϺϺϊVϺοW. ϺοЕϮϺзY
ϊY Y MC3c3N.KY ;Ic. DY Hn0sC<. `Y b@RR. /Y 2$G3. 2Y a3NA
@RIy. DYAKY b,@LI@Racj. N0 ;Y `3Ccc VЙзϺЕWY iCjNCnL MCA
jaC03 c  b330 Hw3a 8Ra ?3ncI3a +RLURnN0cY atCq-ϺχϺзYзЎЙχЎY
+RN83a3N,3c
ϺY KY ;Ic. /Y 2$G3. +Y bj3as3a8. KY K3CN3aj. DYAKY b,@LIA
@Racj. +Y D3NGCNc. 2Y a3N@RIy N0 ;Y `3Ccc.KNДAu; $c30
L<N3jC, jnNN3I EnN,jCRNcsCj@ U3aU3N0C,nIaL<N3jC, NCcRjaRUw.
/T; cUaCN< L33jCN<. `3<3Nc$na< VЙзϺЕW. K ЙχYϊ
ЙY KY ;Ic. /Y 2$G3. FY `Rjj. 2Y b,@3II3N$3a<. DYAKY b,@LI@Racj
N0;Y `3Ccc. T3aU3N0C,nIaIw L<N3jCy30 ۿ଑AKNA; j@CN ~ILc
CN L<N3jC, jnNN3I EnN,jCRNc. /T; cUaCN< L33jCN<. /a3c03N
VЙзϺϊW. K ϺзYχ
ЕY KY ;Ic. FY `Rjj. HY bjR,G~c,@. Y ;3$n3a. /Y 2$G3. DYAKY
b,@LI@Racj. N0 ;Y `3Ccc.K<Q $aaC3a 03U3N03Nj cnU3aUaA
L<N3jC, cjj3 CN +R73# L<N3jC, jnNN3I EnN,jCRNc. BNj3aK;.
/a3c03N VЙзϺϊW. ?[AϺϺ
ϊY KY ;Ic. FY `Rjj. HY bjR,G~c,@. Y ;3$n3a. /Y 2$G3. DYA
KY b,@LI@Racj. N0 ;Y `3Ccc. 2I3,jaC,A~3I0ACN0n,30 3I3,jaR03
csCj,@CN< CN +R73# $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Y 7aC303aC,@. N0 DY +@y3I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I +RN~aLA
jCRN R8 j@3 tA`w K<N3jC, +Ca,nIaA/C,@aRCcL bnLA`nI3c 8Ra
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I bR,C3jw R8 HRN0RN VϺοχЎWY
icC. +Y +Y. +Y rY +@3N<. N0 KY +Y ic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